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GENERAL INTRODUCTION 
The reduction of the complex genotypes of a breeding population to 
its pure-line components permits the identification and reproduction of 
genotypes that can be used to produce repeatedly a specific elite 
hybrid. This is the primary objective of inbreeding in maize (Zea mavs 
L.) (Hallauer and Miranda, 1988). 
The reduction in vigor and productivity that accompanies continuous 
self-fertilization in maize is often a source of frustration to the 
breeder. The observable changes in mean phenotypic value with 
inbreeding are due to the accumulation of an increased number of loci 
containing alleles that are identical by descent. This reduction in the 
mean with inbreeding is called inbreeding depression. The Inverse of 
inbreeding depression is heterosis. Heterosis is observed when the 
progeny mean for a character exceeds either the mean of its two parents 
or the value of either parent. Inbreeding depression and heterosis are 
genetic phenomena, and the degree to which either is expressed is a 
function of the allele frequency, directional dominance, and the number 
of segregating loci. It can be shown that inbreeding depression 
(-2FZdpq) and heterosis (2FZdpq) are equal and opposite in their effects 
on the population mean (Falconer, 1989) with F being the coefficient of 
inbreeding, d the degree of directional dominance, p the frequency of 
the Aj allele which increases the character in the population, and q the 
frequency of the A2 allele which decreases the character in the 
population. 
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The objective of the maize breeder Is to develop hybrids that are 
high yielding and are adapted to a wide range of environmental 
conditions. To achieve this objective, vigorous Inbred lines must be 
developed that have high yield, strong roots and stalks, and adequate 
levels of resistance to diseases and Insects. Maize breeders have 
capitalized on the dual genetic phenomena of Inbreeding depression and 
heterosis since Shull (1908) first suggested the pure-line method of 
maize breeding. To develop superior varieties, Shull (1909) suggested a 
two-stage program: (1) find the best pure lines In a population, and 
(2) determine the practical use of pure lines In the production of 
hybrid seed. 
The pure-line method of maize breeding, with some modifications, is 
the primary method used to develop hybrids In the twentieth century. 
Prior to the use of Shull's pure-line method, mass selection was not 
effective for Improvement of the grain yield of open-polllnated landrace 
cultlvars. The United States national average maize yield exceeded 18 
q/ha twice prior to 1935, averaging 15 q/ha from 1875 to 1935. 
Following the adoption of the pure-line concepts. United States national 
average maize yields Increased dramatically from 15 q/ha In 1935 to 70 
q/ha In 1985 (Hallauer and Miranda, 1988). 
The tremendous Increase In maize yields could be attributed to the 
gradual genetic Improvement of maize germplasm and the Improvement of 
cultural practices as new technology became available. Improved 
cultural practices Included planting maize at higher plant densities, 
the use of commercial sources of fertilizer, particularly nitrogen, the 
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use to herbicides to control weeds and pesticides to control disease and 
insect pests, and the increased level of mechanization and sophistica­
tion in individual farm management practices. Maize production has 
evolved into more of a science than an art with increased timeliness of 
planting and harvesting practices and an overall improvement in maize 
husbandry. Present day maize germplasm sources have been improved 
genetically by recurrent selection and by the recycling and increased 
usage of elite inbred lines. Both of these methods have increased the 
frequency of favorable alleles for yield, improved roots and stalks, and 
increased resistance to disease and insect pests. 
Experiments were conducted with maize hybrids representing 
different eras (1930-1970) to determine the genetic and cultural effects 
on maize yields. In Iowa, average maize yields increased 3.8 Mg ha'l 
from 1922 to 1970. The improved genetics of maize hybrids accounted for 
63.2% of the increase in grain yield (Russell, 1974). Duvick (1977) 
reported that yield of maize hybrids improved 0.088 Mg ha"^ year"^ during 
the eras of 1930 to 1980. Russell (1984), in a continuing study, 
calculated that the genetic improvement for yield in maize hybrids 
averaged 0.051 Mg ha"^ year'^ from 1922-1980. 
The pure-line method did not achieve instant success because of the 
poor grain yield of early inbred lines which rendered single-cross seed 
production unprofitable. It was not until Jones (1918) suggested that 
two single-cross hybrids be mated to produce double-cross seed that 
hybrid seed production became profitable. The yield advantage of the 
early double-cross hybrids over the landrace open-pollinated populations 
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was so great that by 1950 approximately 100% of the maize acreage In the 
United States was planted to double-cross hybrids (Hallauer and Miranda, 
1988). Maize breeders systematically Improved the frequency of 
favorable alleles In their breeding populations for higher grain yield, 
reduced rates of stalk breakage and root lodging, and Increased rates of 
resistance to disease and Insect pests, and they were able to extract 
superior, high yielding lines less affected by Inbreeding depression, 
which could be used to profitably produce single-cross hybrid seed. The 
first single-cross hybrids were Introduced to farmers In the mid-1960s 
as Shull had envisioned 50 years earlier. By the early 1970s, 85% of 
the maize acreage In the United States was planted with single-cross 
seed. 
The pedigree method of breeding evolved from Shall's pure-line 
concept and Is the primary method used In the development of maize 
Inbred lines. Maize populations used as sources of inbred lines must be 
Improved If more vigorous high yielding lines, less affected by 
Inbreeding depression, are to be developed. Recurrent selection is a 
cyclic breeding method which has been used to Improve the performance of 
maize populations. Pedigree selection following recurrent selection has 
been successful at developing higher yielding maize lines (Hallauer and 
Miranda, 1988). Recurrent selection is a cyclic system consisting of 
three distinct phases: (1) development of progenies for testing, (2) 
testing of progenies in replicated trials at multiple environments, and 
(3) recombination of selected progenies to form the new cycle population 
for continued testing and selection. 
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Iowa Stiff Stalk Synthetic (BSSS) was formed In 1939 by Intermatlng 
16 lines above average for stalk quality (Sprague, 1946). Iowa Corn 
Borer Synthetic #1 (BSCBl) was formed by the Intermatlng of 12 Inbred 
lines above average in resistance to first generation European corn 
borer (Ostrlnla nubllalls Hubner) feeding (Hallauer et al., 1974). The 
development of these two genetically broad-based synthetic populations 
led to the Initiation of two distinctly different types of recurrent 
selection programs in BSSS. The population BSSS(HT) was formed from 
half-sib recurrent selection in BSSS with the double-cross hybrid Ial3 
as the tester. Following the completion of seven cycles of half-slb 
recurrent selection, S2 recurrent selection was initiated and the 
population was renamed BS13(S)C0. BSSS(R)CO was formed by a separate 
sampling of BSSS and reciprocal recurrent selection was initiated with 
BSCBICO in 1949. 
This study provides an empirical test to evaluate what changes in 
inbreeding depression rates have occurred following seven cycles of 
half-sib and three cycles of S2 recurrent selection, and nine cycles of 
reciprocal recurrent selection in BSSS. The objectives of this study 
are (1) to determine the relative rates of inbreeding depression for 16 
traits in the six synthetic maize populations, (2) to determine the 
relative merit of two long-term recurrent selection programs in BSSS for 
changing Inbreeding depression rates, and (3) to determine if there has 
been a change in fit of data to the additive genetic model with 
selection in BSSS and BSCBl. 
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LITERATURE REVIEW 
Inbreeding Theory 
Falconer (1989) defines inbreeding as the mating together of 
individuals related to each other by ancestry. The magnitude of 
inbreeding in either an individual or population is expressed in terms of 
the inbreeding coefficient (F), which was described by Wright (1922). 
The value of the inbreeding coefficient is the probability that two 
alleles at a locus are identical by descent from a common ancestor, and 
designates the proportion of heterozygous loci lost due to the nature of 
the mating system. Alleles at a locus can be homozygous under two 
different conditions. These alleles can be chemically identical or they 
can be identical by descent. Only those loci with alleles which are 
identical by descent can contribute to the inbreeding coefficient. 
A Cn random mating maize population must be thought of as consisting 
of numerous subpopulations (lines). When self-fertilization is 
practiced, the lines are maintained in parallel and selection is 
practiced among these lines. During the inbreeding process, random 
genetic drift results in differentiation of allele frequencies among 
these lines. The number of homozygous loci increases while the number of 
heterozygous loci decreases proportionally. The population genotyplc 
frequency changes but the gene frequencies remain constant as long as 
selection, either natural or artificial, does not occur. Therefore, any 
change in the mean phenotypic values is due to the difference in 
genotypic value between homozygotes and heterozygotes. The genetic 
variance within a population is redistributed with inbreeding. Additive 
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genetic variance among lines Increases, while the dominance variance 
among lines and genetic components of variance within lines decreases. 
If Inbreeding proceeds to F - 1, and we assume all variance Is additive 
genetic variance, the total genetic variance Is doubled with all the 
variance being among line variance because there Is no genetic variance 
remaining within lines. Inbreeding results In the Inevitable loss of 
some lines, reduced performance In many others, and enhances the breeders 
ability to isolate a few elite lines. 
Inbreeding Depression 
Falconer (1989) defines inbreeding depression as the reduction of 
mean phenotyplc value shown by characters related either to reproductive 
capacity or to physiological efficiency. The reduction in mean 
phenotyplc value for a character is due to the accumulation within either 
an individual line or a population of alleles which are Identical by 
descent from a common ancestor. Center (1971) states inbreeding 
depression is hypothesized to arise from an increase in the frequency of 
homozygous recessive deleterious loci, and that one homozygous 
deleterious locus may have a larger effect on the phenotype when in the 
presence of other loci of the same type. Good and Hallauer (1977) 
observed that some level of directional dominance must be present for 
Inbreeding depression to exist. Lamkey and Smith (1986) reported "The 
observed rate of inbreeding depression is a function of allele frequency, 
directional dominance, and the number of segregating loci. If one 
assumes two alleles per locus and directional dominance, inbreeding 
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depression will be maximized when allele frequencies are 0.5 and decrease 
as allele frequencies approach zero or one." 
Inbreeding depression Is maximized when the allele frequency Is 0.5. 
If you consider a genetic model with one locus and two alleles, the 
population will experience the maximum amount of Inbreeding depression 
with an allele frequency of 0.5 because at this allele frequency 50% of 
the loci are in a heterozygous condition and only heterozygous loci can 
contribute to inbreeding depression. In addition, you have similar rates 
of inbreeding depression with allele frequencies of 0.1 and 0.9, 0.2 and 
0.8, 0.3 and 0.7, and 0.4 and 0.6. Directional dominance, therefore, 
must be present to have inbreeding depression, and when two similar rates 
are compared the allele frequency closest to the genotype with the 
greatest genotypic value will have the higher mean phenotyplc value. 
The change in the population mean with inbreeding is Mp - MQ - 2dpqF 
(Falconer, 1989), where Mp is the mean of the Inbred population, d is 
directional dominance, p is the frequency of the allele that increases 
the value of the character in the population, q is the frequency of the 
A2 allele that decreases the value of the character in the population, MQ 
is the non-inbred population mean, and F is the inbreeding coefficient. 
Given this formula, an individual locus will contribute to a change in 
the population mean unless d - 0. The only requirement for a locus to 
contribute to a change in the mean phenotyplc value for a trait upon 
inbreeding is that the genotypic value of the heterozygote must not be 
exactly intermediate to the genotypic value of the two homozygotes. If 
alleles that Increase the value of the mean are dominant to those alleles 
9 
that decrease the mean, Inbreeding will cause a reduction of the 
population mean Lamkey and Smith (1986). 
The number of segregating loci influences inbreeding depression 
rates. Hallauer and Sears (1973) suggested that the number of 
segregating loci for yield in maize may be as large as 100 while as few 
as two or three major loci may control the expression of ear-leaf width, 
date of silk, and kernel-row number. In general, the larger the number 
of segregating loci for a trait, the greater will be the observed rate of 
inbreeding depression if the level of directional dominance and allele 
frequency remain constant. 
Estimates of changes in inbreeding depression rates in synthetic 
maize populations that have undergone multiple cycles of recurrent 
selection can be obtained from a large sample of random lines Inbred 
without selection in the CO and Gn populations. Inbred generation means 
can be compared and estimates of inbreeding depression can be calculated 
from the differences in these means as fpo^-inbf^-inbred) (generation means) 
AF 
(Lamkey and Smith, 1987). 
Generation means for plant height, ear height, days to anthesls, 
grain yield, percentage of root and stalk lodging, stand, ear length, 
kernel-row number, ear diameter, cob diameter, kernel depth, ear-leaf 
width, ears per plot, 300-kernel weight, and the coefficient of 
inbreeding (F) will be used to estimate inbreeding depression rates in 
this study. Entries representing eight selfed generations (SQ to S^) are 
available for each population. The generation means for a trait (Y) will 
be regressed upon the coefficient of inbreeding (X). The slope of the 
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line obtained by this regression will be the Inbreeding depression rate. 
The relative size of the linear, quadratic, and cubic sums of squares 
will determine whether the change in the mean with Inbreeding is best 
explained by an additive or epistatic genetic model. 
Genetic Models 
Two genetic models, additive (linear) and epistatic (quadratic), are 
used to describe which type of gene action is causing Inbreeding 
depression. Additive models explain the effect of inbreeding on a 
population when alleles combine in an additive manner within and among 
loci. Based on this assumption, the change in mean as you inbreed a 
population will be directly proportional to the Increase in the value of 
the Inbreeding coefficient (Falconer, 1989). Wright (1922) demonstrated 
that if dominance is present, and the population is in Hardy-Weinberg 
equilibrium, the generation means will have a linear relationship when 
regressed on the coefficient of inbreeding. Without dominance, there can 
be no inbreeding depression. Linear regression measures the net 
dominance deviation. If the alleles that increase the mean are dominant 
to those that decrease the mean, the relationship will be negative. If 
the alleles which Increase the mean are recessive to those which decrease 
the mean, the relationship will be positive. Traits that have been 
measured in maize are negatively and linearly correlated with the 
coefficient of inbreeding except days to silk, second ears per plant, 
number of barren plants, and grain moisture percentage (Hallauer and 
Miranda, 1988). 
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Eplstatlc models can detect Interlocl Interactions of double or 
multiple heterzygotes. Epistatic gene action occurs when the sum of the 
additive and dominance variance at a locus summed over all loci does not 
equal the total genetic variance. An epistatic model may best explain 
the effect of inbreeding in a maize population when the deviations from 
regression can explain a significant additional amount of the total 
variance. In general, deviations from the linear model are not 
significant and epistatic gene action does not influence Inbreeding 
depression rates (Hallauer and Miranda, 1988). However, the absence of 
significant deviations from regression does not mean that interlocus 
interactions do not exist. It only means that the net effect of all 
interlocus interactions are equal to zero, or they are too small to be 
detected by present genetic models. 
Emperical Results Obtained in Previous 
Inbreeding Experiments in Maize 
Kiesselbach (1930) reported that yield of F2 and F3 generations of 
single-cross hybrids averaged 68% and 66%, respectively, of the Fj yield. 
Richey et al. (1934) reported an average yield decline of 15.2% in the F2 
generation of 10 double-cross hybrids. Neal (1935) reported that yield 
was reduced 29.7% in the F2 generation and 24.2% in the F3 generations of 
10 single crosses. Yield of 10 double-cross hybrids was reduced 15.8% in 
the F2 generation, and yield of four three-way crosses was reduced 23.4% 
in the F2 and 24.2% in the F3 generation. 
Jones (1939) reported on the effect of 30 generations of self-
fertilization on plant height and yield in three maize lines. Grain 
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yield declined 75% In a linear manner for 20 generations, while plant 
height decreased 29% after five generations and very little, thereafter. 
Jones (1939) suggested that grain yield must be more complex in 
inheritance than plant height because homozygosity is achieved with fewer 
generations of inbreeding. 
Sing et al. (1967) studied inbreeding effects on plant height, ear 
height, days to anthesls, ear number, and grain yield in the 'Jarvls 
Golden Prolific' and 'Indian Chief maize populations. Seven 
subpopulations were developed from both Jarvls Golden Prolific and Indian 
Chief. The inbreeding coefficient of the seven populations studied 
ranged from zero to 0.56. The decline in the mean with inbreeding for 
plant height, ear height, days to anthesls, and yield were negatively, 
and linearly correlated to the increase in the inbreeding coefficient. 
The variation in the generation means for plant height, ear height, days 
to anthesls, and yield were adequately described by a genetic model based 
on addltivity of unlinked locus effects. 
Center (1971) conducted an experiment using four maize synthetics, 
Iowa Stiff Stalk Synthetic [(BSSS) and (BSSS(Ht)C7)] and Virginia Corn 
Belt Synthetic [(VCBS) and (VCBS(S)C4)], to determine what changes 
occurred in the inbreeding depression rates for grain yield with 
selection. Two hundred plants were selfed-polllnated in the cycle 0 and 
cycle n populations. Generation means were compared to estimate what 
changes had occurred in the inbreeding depression rate. The inbreeding 
depression rate for yield was reduced 0.021 Mg ha'^ with seven cycles of 
half-sib selection In BSSS, but was unchanged following four cycles of 
selection In VCBS. 
Hallauer and Sears (1973) developed 250 lines from BSSS. These 
lines were maintained by a modified-single seed descent procedure through 
the Sy generation. Bulked entries made from 247 lines from each inbred 
generation were evaluated for 10 quantitative traits (grain yield, plant 
height, ear height, ear-leaf width, kernel-row number, ear length, ear 
diameter, cob diameter, kernel depth, and date of silk) in nine Iowa 
environments over a two-year period. Regression analysis showed that the 
relation between mean performance and the inbreeding coefficient was best 
explained by a linear model with - 99.43 for grain yield, and 92 to 
99% for all other traits except kernel-row number and date of silk. The 
reduction in the mean with increased homozygosity was greatest for yield, 
intermediate for plant height, ear height, ear length, ear diameter, and 
kernel depth and lowest for ear-leaf width, kernel-row number, and cob 
diameter. Grain yield, a trait with lower herltablllty, decreased 4.5 Mg 
ha'^ from the Sg to Sj generation, whereas date of silk increased 4.6 days 
from the SQ to Sy generation. The Increase in date of silk was 12.4% in 
the S3 generation and Increased little upon continued inbreeding, while 
grain yield decreased linearly with generations of inbreeding. Hallauer 
and Sears (1973) concluded that a genetic model based on the cumulative 
effects of loci with dominance described the relation between the mean 
performance and level of inbreeding for grain yield and most other traits 
in BSSS. The number of major loci affecting the expression of a trait is 
a factor in determining the rate of decline in mean performance upon 
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inbreeding. Yield may have as many as 100 loci influencing its 
expression, while ear-leaf width, kernel-row number, and date of silk may 
have considerably fewer. The data obtained in this experiment supported 
Center's (1971) study that inbreeding depression results from an Increase 
in the frequency of homozygous deleterious recessive loci. 
Cornelius and Dudley (1974) developed a synthetic maize population 
by random mating 56 open-pollinated cultivars twice. From the intermated 
population, 60 full-sib families were derived. Forty-two families were 
full-sib mated for seven generations on an ear-to-row basis and selfed 
for an additional four generations. The 12 generations of descendants 
had an F-value ranging from 0 to 93.75%. The 12 generations of the 42 
full-sib families were evaluated for yield, plant and ear height, grain 
moisture percentage, oil percentage, and kernel weight. All characters 
except percentage of oil showed significant Inbreeding depression. The 
changes in the generation means with inbreeding were explained by the 
linear model for all traits except percentage of grain moisture. 
Good and Hallauer (1977) developed three series of 250 unselected 
inbred lines in BSSS by selfing, full-sib mating, and full-sib mating 
followed by selfing. Lines were developed by a modified single-seed 
descent procedure through the Sy generation. The objective of this study 
was to compare the three inbreeding methods to determine if a milder form 
of inbreeding would enhance the breeders ability to develop more vigorous 
and productive inbred lines if the population were subjected to slower 
rates of inbreeding. Data were collected on 12 traits: date of silk, 
plant height, ear height, ear length, ear diameter, cob diameter, kernel-
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depth, 300-kernel weight, two-eared plants, barren plants, and stand. 
Twenty-two levels of homozygosity were available for the three series of 
Inbred lines. Regression analysis of the 22 levels of Inbreeding In BSSS 
showed that the linear model (additive) explained the variation among 
generation means for yield with - 99.IX. The Inbreeding depression 
rates for grain yield were -4.4 Mg ha*^  for the selfed series, -3.7 Mg ha'' 
for the full-sib series, and -3.8 Mg ha_^ for the full-sib self series. 
The inbreeding depression rate for grain yield for 22 levels of 
inbreeding in BSSS was -4.6 Mg ha'^. The estimate of inbreeding 
depression for yield for the BSSS selfed population of -4.4 Mg ha*' was in 
close agreement with the estimate of -4.5 Mg ha'' obtained in a separate 
sampling of Stiff Stalk reported by Hallauer and Sears (1973). Three 
generations of BSSS(R)C6, the SQ, SJ, and S2 also were evaluated. The 
inbreeding rates were significantly different between the BSSSCO and 
BSSS(R)C6 populations for all traits except plant height, ear diameter, 
and grain yield. Inbreeding depression rates were greater in BSSSCO than 
BSSS(R)C6 for all traits except plants with second ears. The inbreeding 
depression rate for grain yield in the selflng series of BSSS(R)C6 (-4.59 
Mg ha'') was not significantly different from the rate in BSSS (-4.63 Mg 
ha''). Although six cycles of recurrent selection for Increased yield and 
reduced rates of root lodging and stalk lodging had been completed in 
BSSS, an adequate number of heterozygous loci remained which could 
segregate and contribute to inbreeding depression. Inbreeding in BSSS 
resulted in significant reductions in the means for all traits except 
date of silk, second ears per plant, and barren plants per plot. Genes 
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for larger plant and ear height were dominant to genes for decreased 
plant and ear height, whereas genes for early flowering were dominant to 
genes for later flowering. 
Hallauer and Miranda (1988) summarized the results of seven 
different Inbreeding experiments In maize. On the average, yield was 
reduced 115.2 grams on a per plant basis or 5.12 Mg ha'^ on a per unit 
basis. Plant height was reduced 44 cm, ear height was reduced 31 cm, and 
the date of silk Increased five days upon Inbreeding In the maize 
populations studied. 
Recurrent Selection In Iowa Stiff Stalk Synthetic 
Maize breeding programs Include three Important phases to meet the 
short-, Intermediate-, and long-terms objectives: (1) choice of 
germplasm; (2) cyclical Improvement of germplasm chosen; and (3) 
development of lines for use as parent stocks In production of single-
cross hybrids (Hallauer and Miranda, 1988). Recurrent selection is a 
cyclic selection system designed to improve maize germplasm. Recurrent 
selection consists of three phases: (1) development of progenies for 
testing; (2) testing of progenies in replicated trials in multiple 
environments; and (3) recombination of selected progenies to form the new 
cycle population for continued testing and selection. The objective of 
recurrent selection is to increase the frequency of favorable alleles 
while maintaining the genetic variability within the population. The 
Intermatlng of superior progenies in the recombination phase breaks up 
linkage blocks and allows for the creation of new allelic combinations. 
The effectiveness of recurrent selection depends on genetic variability 
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and gene frequencies within original populations and herltabllltles of 
traits under selection (Hallauer and Miranda, 1988). 
Recurrent selection methods can contribute to meeting the goals of 
continuous genetic Improvement. Recurrent selection methods will not 
replace other breeding methods but should be Integrated with them 
(Hallauer and Miranda, 1988). Pedigree selection following recurrent 
selection has been successful at developing higher yielding maize lines 
(Hallauer and Miranda, 1988). As recurrent selection systematically 
Increases the frequency of favorable alleles In the population, the 
probability of extracting Improved lines Is enhanced. 
Iowa Stiff Stalk Synthetic (BSSS) was formed In 1939 by the 
Intermatlng of 16 Inbred lines above average for stalk quality (Sprague, 
1946). fiSSSCO is the source population for two distinctly different 
recurrent selection programs. From one sampling of BSSSCO the BSSS(HT) 
population was formed. In the second sampling of BSSSCO, the population 
BSSS(R)CO was formed. Half-sib recurrent selection was conducted in 
BSSS(HT) for seven cycles with the double-cross Ial3 serving as the 
tester. Following the completion of the seventh cycle, S2 recurrent 
selection was Initiated and the population was renamed BS13(S)C0. To 
form BS13(S)C0 from BSSS(HT), 3,000 BSSS(HT)C7 plants were grown and 
1,000 plants were self-pollinated. At harvest, 288 plants were selected. 
Selection criteria for the 288 plants were prolificacy, ear height, 
Dlplodla fPiplodla mavdls (Berk) Sacc.] stalk rot resistance, and early 
maturity. The 288 S| lines were tested for first-generation European 
corn borer resistance and cold tolerance. Thirty S2 lines were selected 
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and Intezmatéd to form the fiSl3(S)C0 population (Eberhart and Guy, 1972). 
Details of the selections used In BSSS(HT) and BS13(S) were given by 
Eberhart et al. (1973) and Smith (1983). BSSS has been an Important 
source of Inbred lines with four lines B14 and 637 from the CO, B73 from 
the C5, and 684 from the cycle 7 population being widely used in the 
hybrid seed com Industry. 
Iowa Synthetic Com Borer #1 (BSCBICO) was formed In the 1940s by 
the Intermatlng of 12 lines above average for resistance to first-
generation European com borer feeding (Hallauer et al., 1974). In 1949, 
reciprocal recurrent selection was Initiated between 6SSS(R)C0 and 
BSCB1(R)C0. After each cycle, 10 Sj progenies were intermated to form 
the new population. Details of reciprocal recurrent selection conducted 
in 6SSS(R) and 6SC81(R) were provided by Eberhart et al. (1973) and 
Keeratinijakal (1990). 6SCB1 has produced two Inbred lines: 390 from 
the cycle 7, and 691 from the cycle 8 population which are currently 
being extensively tested by the hybrid seed corn industry. 
Explanation of Thesis Format 
This thesis is written as one manuscript with a General 
Introduction, Literature Review, and General Conclusions section. The 
manuscript provides empirical data on the relative rate of inbreeding 
depression for 16 quantitative traits In six synthetic maize populations. 
The references cited in the General Introduction, Literature Review, and 
General Conclusions are listed in Additional Literature Cited. 
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SECTION I. CHANGES IN THE RATE OF INBREEDING DEPRESSION FOR QUANTITATIVE 
TRAITS WITH RECURRENT SELECTION IN THE BSSS AND BSCBl MAIZE 
POPULATIONS 
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ABSTRACT 
The objective of Inbreeding In maize (Zea mays L.) Is to develop 
pure lines that are used to repeatedly produce an elite hybrid. 
Inbreeding In maize is accompanied by a reduction In the mean phenotyplc 
value for most traits. This reduction in the mean is frustrating to the 
breeder whose goal is to develop higher yielding more vigorous lines. 
Any reduction in the mean is caused by an increased number of loci in an 
individual becoming identical by descent from a common ancestor. This 
genetic phenomena is known as inbreeding depression. 
Little empirical information was available to determine how 
inbreeding depression rates may have been changed by recurrent selection 
in maize populations. The objectives of this study were threefold: 
determine the relative inbreeding depression rates for 16 plant and ear 
traits in six synthetic maize populations; determine the relative merit 
of two distinctly different long-term recurrent selection programs in 
BSSS for changing inbreeding depression rates; and determine if the 
linear (additive) model explained the variation among the generation 
means for BSSS and BSCBl and the Improved populations BS13(S)C3, 
BSSS(R)C9, and BSCBl(R)C9. 
The population per se and seven bulked inbred subpopulations (S^ to 
S7) of BS13(S)C3, BSSS(R)C9, BSCB1(R)C9, BS26, BSCB1(R)C0, and BSSSCO 
were available for evaluation. Inbred lines B14 and B73 were Included to 
provide 50 entries for the study. The Inbred lines were developed from 
each population using a modified single seed descent procedure. 
Selection was not practiced during the inbreeding process so that allele 
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frequencies would not be changed with Inbreeding. The SQ and Inbred 
population generation means were used to estimate the Inbreeding 
depression rate for each of the six populations. 
The 50 entries were evaluated In five Iowa environments in 1989 and 
1990 to determine the relative Inbreeding depression rates for 16 plant 
and ear traits. The rate of Inbreeding depression decreased for all 
traits In BS13(S)C3, BSSS(R)C9, and BSCB1(R)C9 except for yield in grams 
per plant, 300-kernel weight, and days to anthesls in BS13(S)C3, yield in 
Hg ha~^ in BSSS(R)C9, and yield In grams per plant, number of ears per 
plot, 300-kemel weight, and ear-leaf width in BSCB1(R)C9. Highly 
significant differences (P ^  0.01) in the rate of inbreeding depression 
for BS13(S)C3 and BSSS(R)C9 were detected for cob diameter, number of 
ears per plot, 300-kemel weight, kernel-row number, and days - to -
anthesls. Differences in the inbreeding depression rate for BS13(S)C3 
and BSSS(R)C9 were significant (P < 0.05) for stand, stalk lodging (%), 
and plant height. The rates of Inbreeding depression for grain yield in 
BSSS(R)C9 (3.06 Mg ha'b and BS13(S)C3 (2.95 Mg ha'b were similar and 
basically unchanged from the 3.14 Mg ha'^ rate for BSSSCO. The rate of 
inbreeding depression for grain yield declined significantly (P < 0.01) 
from 3.24 Mg ha'^ in BSCB1(R)C0 to 2.96 Mg ha'^ in BSCB1(R)C9. 
The reduced rates of inbreeding depression for most traits suggest 
that the improved populations are segregating at fewer loci, or selection 
has increased the allele frequencies beyond 0.5. The additive genetic 
model explained the majority of the variation among the generation means 
in the six populations studied. 
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INTRODUCTION 
Inbreeding by selflng In maize fZea mavs L.) has been the primary 
method used to develop Inbred lines since the pure-line method was 
described by Shull (1908, 1909, 1910). Inbreeding In maize Is 
accompanied by a decline In the mean for most plant and ear traits due to 
a phenomena known as Inbreeding depression. Inbreeding depression Is the 
reduction of the mean phenotyplc value shown by characters related either 
to reproductive capacity or to physiological efficiency (Falconer, 1989). 
Inbreeding depression Is a result of an Increased proportion of alleles 
In various Individuals In the population which are Identical by descent 
from a common ancestor. Center (1971) hypothesized Inbreeding depression 
resulted from an Increase In the frequency of homozygous deleterious 
recessive loci. Hallauer and Sears (1973) reported that the effect of 
Inbreeding on 10 plant and ear traits in the Sg and seven selfed 
generations of BSSS was consistent with the hypothesis proposed by Center 
(1971). 
Hallauer and Good (1977) stated directional dominance is essential 
for the expression of inbreeding depression. There must be a change in 
the mean value of a character with inbreeding unless dominance deviations 
at a locus equal zero (Falconer, 1989). Hallauer and Sears (1973) 
suggested the number of segregating loci influences inbreeding depression 
rates. The number of segregating loci affecting grain yield may be as 
great as 100, while as few as two or three major loci may control ear-
leaf width, kernel-row number, and date of silk in BSSS. 
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The effect that one locus can have on any change In the population 
mean with inbreeding depends on the allele frequency at that locus. 
Allele frequencies can be changed by mutation, migration, selection, and 
random genetic drift (Falconer, 1989). The magnitude of inbreeding 
depression exhibited by a trait is a function of the number of 
segregating loci, level of direction dominance, and the allele frequency 
with inbreeding depression maximized at an allele frequency of 0.5 
(Lamkey and Smith, 1986). 
Previous inbreeding studies In maize (Sing et al., 1967; Center, 
1971; Hallauer and Sears, 1973; Cornelius and Dudley, 1974; Good and 
Hallauer, 1977) reported a reduction in the mean and a negative linear 
relationship to the coefficient of inbreeding for all plant and ear 
traits except date of silk, plants with second ears, barren plants, and 
grain moisture percentage. Hallauer and Miranda (1988) summarized seven 
Inbreeding experiments in maize. Inbreeding reduced yield 115.2 grams on 
a per plant basis or 0.051 Mg ha*^ for each 0.01 increase in the 
inbreeding coefficient on a per unit basis. Plant height was reduced 44 
cm and the date of silk increased five days. Good and Hallauer (1977) 
reported a yield decline of 4.63 Mg ha'^ with inbreeding in BSSS whereas 
Hallauer and Sears (1973) reported a decline of 4.5 Mg ha"^. Hallauer and 
Sears (1973) stated that if BSSS were inbred to near homozygosity yield 
would decline 4.5 Mg ha'^, plant height would be reduced 48 cm; and date 
of silk would be increased 4.6 days. 
Center (1971) studied the effect of selection on inbreeding 
depression rates in BSSSCO, BSSS(HT)C7, VCBSCO, and VCB(S)C4. The yield 
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of BSSS(HT)C7 was reduced 0.021 Mg ha"^ for each 0.01 Increase in the 
inbreeding coefficient, whereas the inbreeding depression rate for yield 
was unchanged in VCB(S)C4. Rodriguez and Hallauer (1988) evaluated the 
populations per se, and Sj populations of BSSS, BSCBl, and the improved 
populations BS13(S)G4, BSSS(R)C10, and BSCB1(R)C10. The inbreeding 
depression rate for yield was reduced 0.019 Mg ha'^ in BS13(S)C4, 0.009 Mg 
ha'^ in BSSS(R)C10, and 0.007 Mg ha'^ in BSCB1(R)C10 per each 0.01 increase 
in the inbreeding coefficient. Helms et al. (1989) reported that the 
rate of inbreeding depression for yield in BSSS was increased by 0.0016 
Mg ha'^ in BSSS (R) CIO and 0.0092 Mg ha'^ in BSSS (HT) C7, but reduced 0.005 
Mg ha*^ in BS13(S)C3 for each 0.01 increase in the inbreeding coefficient. 
Lamkey and Smith (1986) evaluated two pre-1930 open-pollinated 
cultivars, six era bulks (1930-1980) formed by intermating Inbreds that 
represented each decade, Sj bulks of the eight populations, and BSSSCO, 
BS13(S)C3, and BSSS(R)C9 and their Sj and S2 bulked populations. Their 
objective was to determine the rate of genetic gain and measure the 
changes in inbreeding depression rate for yield, percentage of stalk 
breakage, and percentage of grain moisture. Inbreeding depression for 
grain yield Increased from 1930 to 1980 but the rate did not change when 
estimated as a percentage of the SQ mean. The Increase in the rate of 
inbreeding depression and the Improvement in performance of the SQ and 
generations of the more recent eras indicated the allele frequency may 
have been below 0.5 and was increasing or that a more loci were 
segregating. The rate of inbreeding depression decreased 0.011 Mg ha'^ in 
BS13(S)C3 and 0.07 Mg ha'^ in BSSS(R)C10 for each 0.01 increase in the 
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Inbreeding coefficient, Indicating that allele frequency was above 0.5 in 
BSSS and was Increased by selection or that BS13(S)G3 and BSSS(R)G10 were 
segregating at fewer loci. 
Empirical evidence on the effect of selection on the rate of 
Inbreeding depression for plant and ear traits In maize populations 
Improved by different recurrent selection procedures Is limited. This 
study provides an empirical test to measure the changes which have 
occurred In Inbreeding depression rates for 16 plant and ear traits 
following the completion of seven cycles of half-sib and three cycles of 
S2 selection in BSSS and nine cycles of reciprocal recurrent selection in 
BSSS and BSCBl, 
The objectives of this experiment were to determine relative 
inbreeding depression rates for 16 plant and ear traits in six synthetic 
maize populations, to determine the relative merit of half-sib and 
reciprocal recurrent selection for changing inbreeding depression rates 
in BSSS and BSCBl, and to determine if the changes in the mean upon 
inbreeding following selection in BSSS and BSCBl are explained by the 
linear (additive) model. 
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MATERIALS AND METHODS 
Corn Belt hybrids are formed by crossing lines originating from the 
'Reld Yellow Dent' and 'Lancaster Sure Crop' heterotlc groups. The 
genetic materials in this study included populations representative of 
those heterotlc patterns which have been used to study different 
recurrent selection methods. 
The populations used in this study were BSSS, BS13(S)C3, BSSS(R}C9, 
BSCBl, BSCB1(R)C9, and BS26. Iowa Stiff Stalk Synthetic (BSSS) was 
developed by intermatlng 16 Inbred lines above average for stalk quality 
(Sprague, 1946). BSSS was sampled twice leading to the development of 
two different recurrent selection programs. The BSSS(HT) population was 
developed by half-sib recurrent selection with the double-cross Ial3 as 
tester. Following the completion of seven cycles of half-sib selection 
the population was renamed BS13(S)C0 and S2 recurrent selection was 
initiated (Eberhart and Guy, 1972). BSSS Is considered representative 
germplasm of Reld Yellow Dent. 
Iowa Corn Borer Synthetic y/1 (BSCBl) was developed in the 1940s by 
intermatlng 12 lines above average for first-generation European corn 
borer fOstrinla nubilalis Hiibner) resistance (Hallauer et al., 1974) and 
is usually included In the Lancaster Sure Crop heterotlc group. 
Reciprocal recurrent selection was initiated in BSSS and BSCBl in 1949. 
The details of this recurrent selection program were given by Eberhart et 
al. (1973) and Keeratlnljakal (1990). Iowa Synthetic 26 (BS26) was 
formed by intermatlng lines and populations of Lancaster Sure Crop 
germplasm (Clucus, 1984). 
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Forty-eight populations were Included in this experiment. Each of 
the six populations was represented by eight entries. Seven entries were 
bulks made from inbred lines for the seven selfed generations (S^ to Sy) 
and the eighth entry was the population per se. Two inbred lines, B14 
derived from BSSSCO and B73 derived from BSSS(HT)C5, were Included for a 
total of 50 entries evaluated in the experiment. In 1979, inbreeding was 
initiated in BS26 in an isolation in Iowa. Inbreeding was initiated in 
all other populations in the Florida winter nursery in 1981. Inbreeding 
was continued in Iowa until 1988 when S^ lines were increased. Each 
selfed generation of each population was formed by bulking an equal 
quantity of seed from 100 to 362 inbred lines. The number of lines 
bulked was dependent on the population. The number of lines bulked for 
each generation was 100 for BSSS, 155 for BS13(S)C3, 190 for BSSS(R)C9, 
162 for BSCBl, 155 for BSCB1(R)C9, and 362 for BS26. The same lines were 
bulked each generation. These Inbred lines were developed by a modified 
single-seed descent procedure as described by Good and Hallauer (1977). 
Each entry at each location is a representative sample of either the 
inbred generation or the population per se. 
Experimental Procedures and Data Collections 
The 50 entries were evaluated in a randomized complete block design 
at five Iowa locations (Agronomy and Agriculture Engineering Research 
Center near Ames, the Ames Atomic Energy Farm, the Iowa State University 
Research Center near Ankeny, the Iowa State Southeast Research Center 
near Crawfordsvllle, and the Hartlnsburg test site) in 1989 and 1990. 
The Crawfordsvllle location was discarded due to drought and wind damage 
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in 1989. Two replications were discarded at Ankeny in 1990 due to excess 
rainfall. The growing seasons of 1989 and 1990 were different. In 1989, 
all locations experienced drought conditions with rainfall levels below 
normal. The 1990 growing conditions were favorable for maize development 
with mild summer temperatures and above normal rainfall. The Atomic 
Energy location was flooded in 1990, but plant development and yield were 
comparable to that of the 1989 season. 
The experimental unit was a four-row plot, 5.5 meters long, and with 
a 76 cm row spacing. Four-row plots were used to reduce intergenotypic 
competition between plots of different inbred generations. All data were 
collected on the middle two rows of the four-row plots. Plots were 
machine planted and thinned to 55,000 plants/ha at the five-leaf stage. 
In 1989, the Martinsburg test site was machine harvested and dropped ears 
were retrieved. All other plots were hand harvested to obtain the 
maximum genotypic yield. Ears were forced air dried to a uniform grain 
moisture content of approximately 6%. 
Data were collected for 16 traits: grain yield on a per plot basis 
as Hg ha'^ and on a per plant basis as grams per plant (GRMSFLT), stand 
(STDHA), root lodging (%) (RTLDG), stalk lodging (*) (STLDG), plant 
height (PH), ear height (EH), kernel-row number (KRN), ear length (EL), 
ear diameter (ED), cob diameter (CD), kernel depth (KD), number of ears 
per plot (ERS), 300-kemel weight (TKW), days-to-anthesis (DA), and ear-
leaf width (ELW). Ear traits were not measured at the Martinsburg test 
site in 1989. 
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Grain yield was calculated on a per plant basis (grams/plant), and 
on a per area basis (Mg ha'^). Plant height (cm) was determined as the 
average of 10 competitive plants measured from ground level to the node 
below the flag leaf. Ear height (cm) was determined by the average of 10 
competitive plants measured from ground level to the primary ear node. 
Days to anthesis were calculated as the number of days required from date 
of planting to date 50% of plants in plot shed pollen. Ear-leaf width 
(mm) was determined by measuring the width of the leaf directly below the 
primary ear node on 10 competitive plants. Stand was determined at the 
eight to ten leaf stage as the number of plants per plot. Root lodging 
was calculated as the percentage of plants leaning greater than 30 
degrees from vertical. Stalk lodging was calculated as the percentage of 
plants broken below the primary ear. Number of ears per plot was 
calculated as the total number of ears harvested per plot. All ear 
traits were measured to the nearest 0.1 cm from a random sample of 10 
ears per plot. Weights of 300-kernel samples were obtained from a random 
sample of the shelled grain from each plot. Data were collected for 
grain yield, plant height, ear height, stand, root lodging, and stalk 
lodging at nine environments. Data for ears per plot, kernel-row number, 
ear length, ear diameter, cob diameter, 300-kernel weight, and kernel 
depth were obtained at eight environments, and data for days to anthesis 
and ear-leaf width were obtained at four environments. All data were 
converted to a plot mean basis for analysis. 
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Statistical Analysis 
Individual analysis of variance of a randomized complete block 
design with four replications at eight locations and two replications at 
one location were conducted by considering environments as random effects 
and genotypes as fixed effects. The loss of two replications at the Iowa 
State University Research Center near Ankeny In 1989 resulted In unequal 
replication over environments. The correct pooled error mean squares for 
the combined analysis of variance were obtained by using an unweighted 
mean analysis as described by Cochran and Cox (1957). 
Linear, quadratic, and cubic regression models were fit to the 
generation means for 16 plant and ear traits In each population for each 
location, each year, and combined over locations and years. The 
estimates of the regression coefficients are the Inbreeding depression 
rates and measure the change In the mean as the Inbreeding coefficient 
increases from 0.0 In the SQ generation to approximately 1.0 In the SY 
generation. 
Fhenotyplc correlations over generation means were calculated 
between pairs of traits as the Inbreeding coefficient Increased. The 
correlation coefficients measure the degree to which Inbreeding changes 
two traits In the same manner. 
31 
RESULTS 
Combined Analysis of Variance 
Data obtained from nine experiments were combined to form the 
overall analysis of variance. Two replications of the experiment at the 
Iowa State University Research Center at Ankeny were lost because of 
excess rainfall. Because of the loss of those two replications an 
unweighted means analysis (Cochran and Cox, 1958) was used to analyze the 
data and calculate the pooled error mean squares. In this analysis, the 
pooled error mean square was used to test the significance of the 
population X environment Interaction mean square and its linear, 
quadratic, cubic, and lack-of-fit components. The population x 
environment trait interaction mean squares were used to test the 
significance of the population mean square as well as its linear, 
quadratic, cubic, and lack-of-fit components. 
The entry mean square and overall population mean square were highly 
significant (F < 0.01) for all 16 traits. This was expected because of 
the genetic divergence among different inbred populations. Generally, 
the individual population mean squares, as well as the Individual 
orthogonal comparisons were highly significant for most traits in all 
populations. There were no consistent patterns among traits that were 
not significantly different from zero in each population (Table 1). Non-
orthogonal comparisons between populations also were of particular 
interest and are included in Table 2. 
The linear model accounted for the majority of the variation in each 
population for yield in Mg ha"^ (R^ - 98.2 to 99.5%), grams per plant (R^ 
Table 1. Combined analyses of variance based on unweighted 
conducted In nine environments 
means 
Source df 
Mean sauares 
YLD Mg ha'l GRMSPLT 
ENVIRONMENT 8 870.95 5325 .19 
Entry 49 1120.97** 3369 .70** 
Checks 1 1594.06** 3480 .57** 
Populations 47 1134.32** 3438 .04** 
Checks vs populations 1 20.07 47 .17 
BS26 7 1634.81** 5033 .35** 
Lin 1 11385.0** 34694 .0** 
Quad 1 30.11 330 .28* 
Cubic 1 10.70 10 .11 
LOF 4 4.46 49 .65 
BSSSCO 7 1062.59** 2884 .37** 
Lin 1 7406.97** 19778 .0** 
Quad 1 49.23* 321 .52* 
Cubic 1 0.26 0 .41 
LOF 4 0.0 22 .68 
BSCB1(R)C0 7 1137.21** 2486 .43** 
Lin 1 7893.31** 17127 .0** 
Quad 1 48.54 58 37 
Cubic 1 3.10 167 70 
LOF 4 3.87 13 0 
BS13(S)C3 7 953.91** 3238 16** 
Lin 1 6554.25** 20502 0** 
Quad 1 92.55** 1675 04** 
Cubic 1 0.85 113. 36 
LOF 4 7.42 94. 18 
BSCB1(R)C9 7 950.86** 3262. 47** 
Lin 1 6610.14** 22505. 0* 
Quad 1 12.92 285. 24* 
Cubic 1 0.0 0. 92 
LOF 4 8.23 11. 70 
BSSS(R)C9 7 1012.05** 2844. 11** 
Lin 1 7053.13** 19732. 0** 
Quad 1 0.44 19. 37 
Cubic 1 0.22 6. 56 
LOF 4 7.64 37. 71 
Unselected vs selected 8 2906.82** 10536. 65** 
BS26 vs COs 8 1498.20** 4691. 95** 
BS13 vs C9s 8 45.96 62. 11 
BSCBICO vs BSSSCO 8 618.77** 3299. 55** 
BSCB1(R)C9 vs BSSS(R)C9 8 983.35** 4935. 06** 
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Mean squares 
STDHA RTLDG STLDG PH EH 
609.98 804.33 1365.59 3785.80 5482.65 
140.91** 29.52** 222.65** 2331.49** 928.34** 
440.06** 16.06 40.50 737.28** 1278.49** 
137.15** 29.31** 212.78** 2410.52** 939.55** 
18.58* 52.92** 868.70** 211.09** 51.35** 
147.48** 19.68** 123.79* 3352.16** 1327.84** 
385.64** 102.59** 780.58** 23271.0** 9195.50** 
137.83** 19.27 4.43 104.32 0.20 
123.83** 7.04 11.63 72.55 67.74 
96.26** 2.21 17.47 4.3 7.98 
191.36** 9.39 23.67 2762.88** 1357.36** 
915.79** 24.23** 158.54** 19032.0** 9388.0** 
159.19** 15.29* 0.22 132.96* 19.09 
29.52 0.84 0.11 23.67 8.05 
58.75* 6.35 1.71 37.88 21.62 
226.21** 30.21 36.49 2318.98** 792.44** 
1487.69** 84.56** 224.52** 15910.0** 5437.12** 
23.23 10.10 37.21 63.18* 4.13 
63.44* 1.16 0.33 27.31* 15.11 
2.3 28.92 0.0 58.09* 22.67 
145.74** 5.51 16.87 1217.13** 476.60** 
418.61** 23.72* 97.82** 7881.98** 2971.87** 
210.24** 4.29 1.83 116.40 107.47* 
60.20* 16.22 0.20 33.51 3.55 
82.78** 0.0 4.56 121.99 63.30 
52.65* 10.85 2.35 1129.14** 319.84** 
165.65** 2.15 5.41 7123.79** 1833.53** 
55.77* 4.82 11.22 153.12** 78.24** 
4.20 21.07 0.30 96.21** 47.84* 
35.74 11.79 0.0 132.70** 69.82** 
63.64** 6.63 6.84 959.53** 436.91** 
272.14** 7.92 15.56 6553,06** 2957.01** 
6.59 2.65 1.07 0.03 0.75 
5.70 8.75 2.55 80.12** 40.33 
40.27* 6.74 7.19 20.87 15.07 
255.15** 202.81* 5525.52** 360.26** 2616.16** 
171.26** 5.56 38.52 39.97 69.04* 
176.33* 5.11 341.33** 801.15** 1395.36** 
28.44 564.06* 2558.67** 3130.40** 2271.32** 
24.0 24.17 66.69* 26784.05** 4830.25** 
Table 1. (Continued) 
Mean squares 
Source df KRN EL 
ENVIRONMENT 
Entry 
Checks 
Populations 
Checks vs populations 
BS26 
Lin 
Quad 
Cubic 
LOF 
BSSSCO 
Lin 
Quad 
Cubic 
LOF 
BSCB1(R)C0 
Lin 
Quad 
Cubic 
LOF 
BS13(S)C3 
Lin 
Quad 
Cubic 
LOF 
BSCB1(R)C9 
Lin 
Quad 
Cubic 
LOF 
BSSS(R)C9 
Lin 
Quad 
Cubic 
LOF 
Unselected vs selected 
BS26 vs COs 
BS13 vs C9s 
BSCBICO vs BSSSCO 
BSCB1(R)C9 vs BSSS(R)C9 
7 3.36 26.83 
49 10.67** 15.04** 
31.36** 26.79** 
10.46** 14.92** 
0.203 8.68** 
1.194** 
6.55** 
0.17 
0.49 
0.29 
3.22** 
19.54** 
0.48 
1.78* 
0.19 
2.73** 
16.90** 
0.13 
0.58 
0.38 
0.10 
0.33 
0.05 
0.14 
0.04 
1.20 
0.89 
1.67 
0.06 
1.45 
1.28** 
7.13** 
0.47 
0.19 
0.29 
19.27** 
131.79** 
0.48 
0.01 
0.65 
9.74** 
66.98** 
0.66* 
0 .06  
0.13 
14.69** 
99.80** 
1.51** 
0.07 
0.85 
4.61** 
30.74** 
0 .02  
0.04 
0.36 
5.66** 
40.11** 
0.01 
0.01 
0 . 0  
4.82** 
32.34** 
0 . 6 6  
0.01 
0.19 
0.63 
213.46** 
99.43** , 
3.96** 
105.85** 
35.47** 
154,28** 
38.13** 
54.08** 
5.95** 
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Mean squares 
ED CD KD ERS TKW 
0.40 0.22 13.75 260.93 2876.65 
0.45 0.07** 21.72** 232.14** 212.43** 
1.21** 0.30** 21.66** 540.56** 564.07** 
0.43** 0.06** 22.14** 229.24** 178.98** 
0.34** 0.14** 1.96** 60.17** 1432.75** 
0.37** 0.02* 21.12** 110.21** 156.96** 
2.52** 0.05** 143.61** 577.82** 884.00** 
0.01 0.0 1.26 31.69* 13.97 
0.01 0.03 0.31 62.57** 36.12 
0.01 0.01 0.66 24.84 41.16 
0.50** 0.05** 25.33** 128.07** 73.16** 
4.02** 0.29** 161.62** 795.22** 371.10** 
0.0 0.01 1.66 1.54 38.92* 
0.02 0.0 0.11 0.03 22.50* 
0.0 0.00 3.48* 24.92* 35.65** 
0.31** 0.03** 20.33** 86.99** 54.92* 
3.14** 0.21** 145.70** 466.05** 313.14** 
0.04 0.11** 0.01 1.02 55.81* 
0.02 0.03 0.60 0.01 0.58 
0.0 0.0 0.0 35.26 3.73 
0.19** 0.02** 12.61** 106.53** 131.18** 
1.18** 0.08** 85.51** 586,16** 590.06** 
0.0 0.15** 0.18 17.85 221.32** 
0.01 0.0 0.0 0.01 8.39 
0.04* 0.0 0.65 35.42* 24.61 
0.17** 0.01 10.11** 99.31** 56.20** 
1.32** 0.01 61.93** 581.72** 408.98** 
0.01 0.01 0.03 7.94 1.26 
0.01 0.0 0.01 1.36 3.61 
0.0 0.0 2.20 26.04 0.0 
0.178** 0.0 12.25** 46.18* 10.90 
1.30** 0 77.59** 272.12** 37.87** 
0.07 0 1.2 0.95 13.13 
0.0 0 0.64 19.11 6.44 
0.0 0 1.57 7.77 4.71 
0.33** 0.32** 2.14 5089.59** 441.83** 
0.02 0.0 3.64** 317.19** 3079.27** 
0.36** 1.04** 28.77 532.04** 375.25* 
0.46 0.08* 14.72** 599.44** 519.23** 
6.66** 0.58** 277.0** 195.03 613.37** 
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Table 1. (Continued) 
Mean squares 
Source df DA ELW 
ENVIRONMENT 3 1874.03 21.51** 
Entry 49 31.67** 0.90** 
Checks 1 2.0 0,03 
Populations 47 30.79** 0.92** 
Checks vs populations 1 102.67** 1.12** 
BS26 7 16.69** 0.34** 
Lin 1 93.83** 2.34** 
Quad 1 3.62** 0.01 
Cubic 1 1.64 0.01 
LOF 4 4.4* 0.01 
BSSSCO 7 10.03** 0.48** 
Lin 1 51.70** 3.39** 
Quad 1 0.13 0.0 
Cubic 1 0.39 0.0 
LOF 4. 4.5** 0.0 
BSCB1(R)C0 7 23.50** 0.39* 
Lin 1 168.59** 2.39* 
Quad 1 6.05 0.08 
Cubic 1 0.96 0.01 
LOF 4 0.0 0.27* 
BS13(S)C3 7 10.35** 0.13** 
Lin 1 68.78** 0.57** 
Quad 1 0.80 0.08 
Cubic 1 0.84 0.00 
LOF 4 0.51 0.07 
BSCB1(R)C9 7 15.35** 0.49** 
Lin 1 87.49** 3.27** 
Quad 1 12.70** 0.02 
Cubic 1 1.57 0.03 
LOF 4 1.43 0.03 
BSSS(R)C9 7 7.92** 0.36 
Lin 1 46.02** 2.31** 
Quad 1 0.12 0.03 
Cubic 1 0.47 0.26** 
LOF 4 2.22 0.0 
Unselected vs selected 7 16.33** 0.02 
BS26 vs COs 7 18.13** 0.18 
BS13 vs C9s 7 290.08** 16.80** 
BSCBICO vs BSSSCO 7 435.77** 2.76** 
BSCB1(R)C9 vs BSSS(R)C9 7 100.00** 7.98** 
Table 1. (Continued) 
Mean squares 
Source df YLD Mg ha'^ GRMSPLT 
ENTRY X ENV 392 20.57** 101.19** 
Pops vs check x ENV 8 22.67** 96.88** 
Check vs ENV 8 16.12** 10.31 
Pops vs ENV 376 20.62** 101.24** 
BS26 X ENV 56 10.14* 58.68** 
Lin 8 35.25** 254.48** 
Quad 8 8.51 31.31 
Cubic 8 8.61 12.68 
LOF 32 4.65 28.07 
BSSSCO X ENV 56 10.51** 54.32* 
Lin 8 54.02** 249.07** 
Quad 8 4.51 10.17 
Cubic 8 5.57 74.4** 
LOF 32 2.36 11.64 
BSCB1(R)C0 vs ENV 56 17.58** 69.59** 
Lin 8 88.34** 315.17** 
Quad 8 10.0* 16.57 
Cubic 8 2.1 34.59 
LOF 32 5.65 30.20 
BS13(S)C3 vs ENV 56 15.16** 111.77** 
Lin 8 49.39** 385.18** 
Quad 8 11.79** 18.46 
Cubic 8 5.68 41.06 
LOF 32 9.8 84.44 
BSCB1(R)C9 vs ENV 56 6.02 66,40** 
Lin 8 10.42** 226.88** 
Quad 8 5.71 113.89** 
Cubic 8 5.29 31.00 
LOF 32 5.18 23.25 
BSSS(R)C9 X ENV 56 18.15** 57.30* 
Lin 8 37.54** 67.07** 
Quad 8 6.18 27.85 
Cubic 8 7.34 64.42** 
LOF 32 18.99** 60.43 
Unselected vs selected vs ENV 8 140.06** 491.36** 
BS26 vs COs X ENV 8 13.19** 27.58 
BS13(S)C3 vs C9s x ENV 8 232.16** 1087.81** 
BSCB1(R)C0 vs BSSSCO x ENV 8 18.49** 154.63** 
BSCB1(R)C9 vs BSSS(R)C9 x ENV 8 22.20** 70.31** 
Pooled error 1250 6.77 38.028 
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Mean sauares 
STDHA RTLD6 STLDG PH EH 
12.84** 11.57** 22.41** 39.13* 21.99** 
13.68** 10.56** 33.89** 98.99** 18.83** 
17.17 6.47 6.23 19.69 16.69 
12.73 11.70** 22.51** 38.27* 22.17** 
12.78** 8.58* 36.36** 38.62* 25.61** 
28.69** 32.88** 188.71** 57.14** 40.65** 
4.63 8.86* 19.66** 40.26* 48.26** 
17.85** 6.11 15.33** 22.68 6.58 
9.57 3.05 7.70 37.57 20.94 
11.33** 3.45 9.62 30.86 17.83* 
22.08** 13.96** 25.03** 40.79* 28.60** 
7.01 3.58 5.38 39.37* 12.99 
21.83** 0.52 16.22** 45.50** 29.63** 
7.09 18.44** 5.17 22.59 13.39 
12.67** 13.12** 42.73** 36.89 30.07** 
22.17** 19.03** 168.31** 93.12** 96.96** 
13.77** 2.94 50.14** 9.67 18.71** 
9.55* 3.54 17.83** 34.67 34.68** 
10.80** 16.57** 15.70** 30.19 15.03 
11.22** 6.30 13.48** 45.74** 20.66** 
37.96** 6.47 40,83** 52.65** 40.72** 
4.21 3.31 9.57 22.66 24.52** 
2.81 20.09** 6.25 22.17 9.31 
8.38 3.55 9.42 55.67 17.52* 
10.96** 10.53** 3.66 12.96 11.54 
22.01** 2.67 6.87 18.76 23.57** 
11.89** 1.58 1.40 9.88 6.78 
6.92 10.71** 4.2 17.71 11.10 
8.97 14.68** 3.29 11.09 12.33 
9.01 4.25 5.99 27.61 9.43 
18.31** 9.01* 9.64 63.33** 27.19** 
3.73 1.11 7.66 27.56 7.55 
5.46 9.40** 5.54 18.18 5.53 
8.89 2.56 4.77 21.05 6.43 
21.49** 51.51** 154.02** 52.77** 21.42** 
11.04** 4.54 32.68** 30.23 21.77** 
30.69** 9.39* 23.85** 81.23** 46.49** 
14.60** 152.25** 46.49** 137.23** 63.36** 
44.41** 8.25 17.86** 148.53** 82.86** 
6.89 6.31 8.42 27.58 11.81 
Table 1. (Continued) 
Mean squares 
Source df KRN EL 
ENTRY X ENV 343 0.49** 0.37 
Pops vs check x ENV 7 0.62** 0.80** 
Check vs ENV 7 0.0 0.36 
Pops vs ENV 329 0.50** 0.36 
BS26 X ENV 49 0.16 0.32 
Lin 7 0.40** 0.29 
Quad 7 0.09 0.38 
Cubic 7 0.05 0.33 
LOF 28 0.24 0.31 
BSSSCO X ENV 49 0.31** 0.17 
Lin 7 0.49** 0.19 
Quad 7 0.33** 0.07 
Cubic 7 0.24 0.14 
LOF 28 0.27* 0.20 
BSCB1(R)C0 X ENV 49 0.39** 0.50** 
Lin • 7 0.58** 0.16 
Quad 7 0.47** 0.18 
Cubic 7 0.50** 0.98** 
LOF 28 0.31** 0.54** 
BS13(R)C3 X ENV 49 0.15 0.29 
Lin 7 0.28* 0.23 
Quad 7 0.05 0.28 
Cubic 7 0.11 0.48** 
LOF 28 0.15 0.26 
BSCB1(R)C9 X ENV 49 1.49** 0.31 
Lin 7 1.20** 0.53** 
Quad 7 0.99** 0.27 
Cubic 7 0.09 0.12 
LOF 28 2.03** 0.31 
BSSS(R)C9 X ENV 49 0.21 0.28 
Lin 7 0.14 0.22 
Quad 7 0.41** 0.38 
Cubic 7 0.25* 0.47* 
LOF 28 0.17 0.22 
Unselected vs selected x ENV 7 0.65** 0.41 
BS26 vs COs X ENV 7 0.13 0.49** 
BS13(S)C3 vs C9s x ENV 7 0.71** 1.50** 
BSCB1(R)C0 vs BSSSCO x ENV 7 0.66** 0.76** 
BSCB1(R)C9 vs BSSS(R)C9 x ENV 7 2.24** 0.51** 
Pooled error 1100 0.18 0.31 
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Mean squares 
ED CD KD ERS TKW 
0.014** 0.006 1.16 14.98** 14.25** 
0.01** 0.003 1.28* 9.80 24.41** 
0.016 0.056 0.91 5.71 9.16 
0.014 0.005 1.16 15.27 14.04 
0.008 0.005 0.78 8.59 13.60** 
0.017 0.005 1.44** 20.98** 41.96** 
0.007 0.006 1.07 3.10 15.13** 
0.001 0.004 0.38 16.90** 4.36 
0.008 0.006 0.63 4.79 8.43 
0.015** 0.005 1.02 4.64 5.61 
0.014** 0.004 0.64 7.63 5.67 
0.014** 0.002 1.68** 3.05 7.15 
0.008 0.004 0.90 2.78 3.21 
0.016** 0.006 0.97 4.75 5.80 
0.008 0.004 1.17 10.30 9.73 
0.002** 0.001 2.34** 17.46** 40.49** 
0.007 0.001 1.65** 7.08 1.76 
0.005 0.003 1.40** 5.28 7.66 
0.007 0.003 0.70 10.56 4.55 
0.01* 0.004 0.68 11.48* 12.48** 
0.008 0.002 0.72 28.94** 27.50** 
0.007 0.004 0.60 2.45 7.36 
0.006 0.010** 0.92 10.47 7.89 
0.012** 0.086** 0.63 9.62 11.15* 
0.019** 0.007* 1.44** 9.76 6.22 
0.006 0.004 0.903 21.03** 4.34 
0.010* 0.006 0.81 5.25 16.17** 
0.004 0.007* 0.55 11.06* 0.46 
0.027** 0.008 1.96** 7.74 5.64 
0.008 0.005 0.59 11.04* 5.88 
0.003 0.010** 0.374 12.077** 10.68* 
0.010* 0.0104** 0.88 8.58 2.44 
0.004 0.0109** 0.82 3.19 2.45 
0.006 0.004 0.51 13.35** 6.39 
0.054** 0.013** 1.82** 151.59** 44.33** 
0.02** 0.009** 0.433 11.82* 6.96 
0.06** 0.007* 9.63** 76.38** 133.35** 
0.019** 0.015** 1.32* 25.27** 62.06** 
0.001* 0.013** 1.23* 62.24** 36.80** 
0.007 0.005 0.91 8.06 7.47 
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Table 1. (Continued) 
Mean squares 
Source d£ DA ELW 
ENTRY X ENV 147 1.81** 0.05 
Pops vs check x ENV 3 1.03 0.06 
Check X ENV 3 3.36** 0.40 
Pops vs ENV 141 1.81** 0.05 
BS26 X ENV 21 1.61** 0.04 
Lin 3 1.80** 0.05 
Quad 3 0.90 0.05 
Cubic 3 1.73** 0.07 
LOF 12 1.71** 0.03 
BSSSCO X ENV 21 0.59 0.04 
Lin 3 0.64 0.08* 
Quad 3 0.04 0.01 
Cubic 3 0.25 0.02 
LOF 12 0.8 0.04 
BSCB1(R)C0 X ENV 21 2.79** 0.08** 
Lin 3 6.20** 0.07* 
Quad 3 2.88** 0.02 
Cubic 3 2.06** 0.19* 
LOF 12 2.09** 0.07*-
BS13(S)C3 X ENV 21 0.88 0.04 
Lin 3 1.61** 0.06 
Quad 3 0.28 0.02 
Cubic 3 0.97 0.03 
LOF 12 0.83 0.06 
BSCB1(R)C9 X ENV 21 1.83** 0.04 
Lin 3 5.41** 0.04 
Quad 3 0.81 0.06 
Cubic 3 0.09 0.03 
LOF 12 0.69 0.02 
BSSS(R)C9 X ENV 21 1.14 0.04 
Lin 3 2.98** 0,04 
Quad 3 0.52 0,00 
Cubic 3 1.21 0.02 
LOF 12 0,82 0.05 
Unselected vs selected x ENV 3 2.18** 0.18** 
BS26 vs COs X ENV 3 3.85** 0,05 
BS13(S)C3 vs C9s x ENV 3 12.59** 0.02 
BSCB1(R)C0 vs BSSSCO x ENV 3 3.09** 0.13** 
BSCB1(R)C9 vs BSSS(R)C9 x ENV 3 1.54** 0.02 
Pooled error 600 0.88 0.05 
Table 2. Nonorthogonal comparisons among population means combined 
over nine environments for 16 traits 
BSSSCO vs fiSSS(R)C9 
BSCB1(R)C0 vs BSCB1(R)C0 
BS13(S)C3 vs BSSSCO 
BS13(S)C3 vs BSCB1(R)C9 
BS13(S)C3 vs BSSS(R)C9 
YLDQH GRMSPLT STDHA RTLDG STLDG PH 
** ** ** ** ** 
* * ** ** 
** ** * ** 
** ** 
* * ** 
*Mean squares significant at 0.05 probability level. 
**Mean squares significant at 0.01 probability level. 
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EH KRN EL ED CD KD ERS TKW DA ELW 
** ** ** ** ** ** ** * ** 
* *  * *  * *  * *  * * * * *  * *  *  *  
** ** ** ** ** ** 
** ** ** ** ** ** ** 
** ** ** ** ** * * ** 
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- 82.4 to 99.0%), ear length (R^ - 94.2 to 97.9), ear diameter (R^ - 86.0 
to 98.7%), and kernel depth (R^ - 80.3 to 98.1%) (Table 3). Changes In 
the generation means with inbreeding for stand, root lodging (%), stalk 
lodging (%), kernel-row number, cob diameter, number of ears per plot, 
300-kernel weight, days to anthesis, and ear-leaf width were not 
explained by the additive (linear) model. These traits generally had 
significant quadratic, cubic, or lack-of-fit mean squares which were 
dependent on the trait and the population. A model that included the 
quadratic term indicates nonaddltlvlty (eplstatlc) effects of loci which 
have segregating alleles (Table 1). 
The population x environment interaction mean squares were highly 
significant for all plant and ear traits except plant height (P < 0.05) 
and stand and ear-leaf width, which were not signifient. The orthogonal 
comparisons interacted significantly with environments (P < 0.01) for 
yield, stand, stalk lodging (%), ear height, and number of ears per plant 
(Table 1). Exact trends in the other traits could not be predicted. The 
linear component of each individual population x environment interaction 
mean square was highly significant for yield in Hg ha*^, grams per plant, 
stand, ear height, and for five of the six populations for plant height, 
days to anthesis, and 300-kernel weight. Generally, the ear traits did 
not interact linearly with environments. Ear traits and other plant 
traits had varying levels of significance for the quadratic, cubic, and 
lack-of-fit component mean square (Table 1). A significant linear or 
quadratic component of the population x environment interaction mean 
square suggests that the magnitude of the linear and quadratic regression 
Table 3. Linear regression coefficients and their standard errors, 
change in the inbreeding depression rate for each Increase of 
0.01 in the inbreeding coefficient and values for each 
population 
YLD GRMSPLT STDHA 
Mg ha'l 
BS26 Lin 
AIDR/A.Olph 
R2 
3.89 + 1.2* 
0.Ô39 
99.3 
67.9 + 2. 
0.68 
98.3 
8 7.15 + 1.7 
0.07 
34.5 
BSSSCO Lin 
AIDR/A.OIF 
R2 
3.14 + 1.2 
0.032 
99.2 
51.25 + 2 
0.5Ï6 
98.1 
.7 11.03 + 1.2 
0.Ï11 
67.8 
BSCB1(R)C0 Lin 
AIDR/A.OIF 
R2 
3.24 + 1.5 
0.033 
99.2 
47.69 + 3 
0.481 
98.3 
.0 14.05 + 1.3 
0.141 
86.6 
BS13(S)C3 Lin 
AIDR/A.OIF 
R2 
2.95 + 1.4 
0.030 
98.2 
52.17 + 3 
0.525 
90.3 
.9 7.45 + 1.2 
0.Ô75 
41.7 
BSCB1(R)C9 Lin 
AIDR/A.OIF 
R2 
2.96 + 0.99 
0.Ô30 
99.1 
54.66 + 3 
0.551 
98.5 
.0 4.69 + 1.2 
0.Ô47 
46.0 
BSSS(R)C9 Lin 
AIDR/A.OIF 
R2 
3.06 + 1.6 
0.Ô31 
99.5 
51.18 + 2 
0.516 
99.1 
.8 6.0 + 1.1 
oToeo 
61.2 
*A11 linear regression coefficients are negative except for days-to-
anthesis which is positive. 
^Change in the inbreeding depression rate for each 0.01 increase In 
the inbreeding coefficient. 
^Actual value x 10. 
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RTLDG STLDG FH EH KRN 
3.69 + 1.1 
0.Ô37 
63.3 
10.18 + 2.20 
0.102 
88.9 
55.60 + 2.3 
0.56 
98.9 
34.94 + 1.8 
0.35 
99.0 
(X 10) 
0.99 + 0.48 
0.099® 
73.2 
1.79 + 0.68 
0.Ô18 
55.2 
4.59 + 1.10 
0.Ô46 
8 8 . 6  
50.27 + 2.0 
0.506 
98.6 
35.31 + 1. 
0.356 
98.6 
54 ,71 + 0.21 
0.17 
88 .0  
3.35 + 1.3 
0.Ô34 
43.0 
5.46 + 2.4 
0.Ô55 
83.1 
45.96 + 2.2 
0.463 
97.9 
26.87 + 2.0 
0.271 
98.0 
1.59 + 0.24 
0.16 
93.5 
1.77 + 0.92 
0.Ô18 
38.3 
3.60 + 1.3 
0.Ô36 
73.0 
32.35 + 2.5 
0.326 
92.2 
19.86 + 1.7 
0.20 
89.1 
0.22 + 0.15 
0.022 
6 1 . 2  
0.53 + 1.4 
0.005 
2.7 
0.85 + 0.70 
0.Ô09 
20.9 
30.76 + 1.3 
0.310 
89.9 
15.60 + 1.2 
0.Ï57 
82.4 
0.37 + 0.23 
0.037 
10.4 
1.02 + 0.75 
0.010 
18.0  
.44 + 0. 
0.Ô15 
25.1 
89 29.50 + 1.9 
0.297 
97.8 
19.81 + 1.2 
0.199 
96.7 
1.03 + 0.18 
0.010 
84.0 
Table 3. (Continued) 
EL ED CD 
(X 10) (X 100) 
BS26 Lin 4.44 + 0.21 0.61 + 0.3 0.09 + 0.3 
AIDR/A.OIF 0.Ô45 0.61® 0.09^ 
R2 96.3 98.5 45.0 
BSSSCO Lin 3.16 + 0.16 0.77 + 0.05 0.21 + 0.03 
AIDR/A.OIF 0.Ô32 0.Ô78 0.21 
R2 96.5 97.5 91.5 
BSCB1(R)C0 Lin 3.86 + 0.27 0.69 + 0.03 0.18 + 0.025 
AIDR/A.OIF 0.Ô39 0.Ô70 0Tl8 
R2 95.0 96.1 53.4 
BS13(S)C3 Lin 2.14 + 0.20 0.42 + 0.04 0.11 + 0.026 
AIDR/A.OIF 0.Ô22 0.Ô42 oTll 
R2 94.2 98.7 30.0 
BSCB1(R)C9 Lin 2.45 + 0.21 0.44 + 0.05 0.04 + 0.03 
AIDR/A.OIF 0.Ô25 0.Ô44 0.04 
R2 97.9 94.6 10.2 
BSSS(R)C9 Lin 2.20 + 0.20 0.44 + 0.03 0.0 + 0.027 
AIDR/A.OIF 0.Ô22 0.Ô44 0.0 
R2 96.8 86.0 0.0 
'^Actual value x 100. 
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coefficients for a trait are dependent In which environment they are 
obtained and were not consistently of the same magnitude In different 
environments. The best situation for homogeneity of regression 
coefficients over environments would be one in which either the lack-of-
fit mean square was the only component that was significant or none of 
the components was significant. 
Inbreeding Depression Rates 
The inbreeding depression rates were calculated by the regression of 
SQ to SY generations means for each trait (the dependent variable) on the 
coefficient of inbreeding (F) (the Independent variable). The rate of 
inbreeding depression is dependent on the magnitude of the change in mean 
phenotyplc value for a trait as the inbreeding coefficient Increases. 
The combined entry means and their standard errors are given in Table 4. 
When calculated in this manner, the linear regression coefficient is the 
inbreeding depression rate expressed in the units that the traits were 
measured. The value of the regression coefficient is a function of the 
direction of the change in the mean, which can be either positive or 
negative and the magnitude of any change in the mean as the inbreeding 
coefficient Increases. The linear (additive) model explains the majority 
of the genetic variation for a trait when the change in the value of the 
mean is directly proportional to the increase in the value of the 
inbreeding coefficient. Â proportional change in the mean with 
inbreeding is due to the cumulative effects of loci with dominance. 
Hence, linear regression measures the net dominance deviations. Without 
Table 4. Combined entry means of 16 traits measured in nine 
environments 
Entry 
YLD 
5 GRMSPLT STDHA RTLDG STLDG PH EH KRN 
1 BS26 SO 5.84 111.3 54 7 19 219.0 109.8 14.4 
2 BS26 SI 3.63 70.8 53 3 15 192.9 90.6 13.5 
3 BS26 S2 2.79 56.9 51 3 13 181.4 84.7 13.9 
4 BS26 S3 2.34 46.4 52 4 9 174.5 81.1 13.3 
5 BS26 S4 2.24 45.1 52 3 9 166.0 76.3 13.2 
6 BS26 S5 2.04 40.9 51 2 8 165.9 75.0 13.5 
7 BS26 S6 1.81 45.1 42 2 10 163.2 74.3 13.3 
8 BS26 S7 1.95 45.6 45 4 11 164.6 74.9 13.4 
9 BSSS CO SO 4.52 84.2 55 4 12 218.1 114.3 17.2 
10 BSSS CO SI 2.68 51.8 53 2 10 198.1 99.1 16.3 
11 BSSS CO S2 2.00 41.0 51 1 8 183.6 87.9 16.3 
12 BSSS CO S3 1.58 35.6 47 2 9 175.8 85.0 16.0 
13 BSSS CO S4 1.53 35.0 47 2 8 170.5 81.2 15.7 
14 BSSS CO S5 1.47 31.0 49 2 7 170.7 80.4 15.7 
15 BSSS CO S6 1.41 33.1 44 2 8 172.7 82.5 15.3 
16 BSSS CO S7 1.30 33.0 41 2 7 168.0 77.9 15.3 
17 BSCBl CO SO 5.00 89.1 58 8 22 206.4 100.6 16.8 
18 BSCBl CO SI 3.18 65.8 51 8 17 185.4 87.1 16.0 
19 BSCBl CO S2 2.31 47.9 50 5 16 173.5 81.1 15.7 
20 BSCBl CO S3 2.03 46.6 46 8 16 171.4 79.0 15.7 
21 BSCBl CO S4 1.91 43.1 47 4 17 162.8 75.3 15.4 
22 BSCBl CO S5 1.88 42.1 47 4 16 159.6 72.7 15.3 
23 BSCBl CO S6 1.75 43.6 42 6 16 163.6 76.1 15.2 
24 BSCBl CO S7 1.74 43.1 42 5 16 160.3 72.8 15.0 
25 BS13(S)C3 SO 5.26 106.5 53 3 10 196.2 96.3 14.3 
51 
EL ED CD KD ERS TKW DÂ ELW 
19.2 4.3 2.7 15.7 41 70.8 87 9.5 
17.1 4.0 2.6 13.8 37 64.8 89 9.0 
16.5 3.9 2.7 12.7 36 60.8 90 8.9 
15.2 3.8 2.6 12.5 34 59.8 91 8.7 
14.8 3.7 2.6 11.4 36 57.7 91 8.7 
14.7 3.7 2.6 10.9 34 58.1 92 8.7 
15.2 3.7 2.6 11.2 30 58.5 93 8.7 
15.0 3.7 2.6 11.6 29 62.6 92 8.6 
15.9 4.5 2.8 16.6 38 61.9 91 9.9 
13.9 4.1 2.7 14.6 32 56.7 93 9.4 
13.5 4.0 2.7 13.3 30 53.6 94 9.2 
12.7 3.8 2.6 12.4 27 52.8 95 9.0 
12.9 3.8 2.6 12.3 28 54.0 95 9.0 
12.8 3.8 2.6 12.6 28 53.7 94 8.8 
12.9 3.7 2.6 11.9 28 55.6 95 8.8 
12.5 3.7 2.6 11.0 26 53.0 95 9.1 
17.4 4.3 2.7 15.8 40 57.4 84 9.3 
16.0 4.0 2.7 13.8 36 51.3 86 9.0 
14.9 3.9 2.7 12.3 35 49.5 88 8.8 
14.1 3.7 2.6 11.5 31 50.7 90 8.8 
14.1 3.7 2.6 11.9 33 50.3 91 8.4 
13.5 3.7 2.6 11.6 34 49.1 90 8.5 
14.2 3.6 2.5 11.2 30 50.6 90 8.3 
13.4 3.6 2.5 11.2 32 50.2 91 8.7 
16.3 4.3 2.8 15.0 44 65.2 91 9.9 
Table 4. (Continued) 
YLD 
Entry ha'l GRMSFLT STDHA RTLDG STLDG PH EH KRN 
26 BS13(S)C3 SI 3.46 67.5 53 4 8 183.0 89.9 14.2 
27 BS13(S)C3 S2 2.75 55.7 52 1 6 175.1 84.3 14.0 
28 BS13(S)C3 S3 2.45 50.2 50 2 8 168.8 79.9 14.0 
29 BS13(S)C3 S4 2.48 52.0 50 2 6 172.4 82.7 14,1 
30 BS13(S)C3 S5 2.32 51.5 47 2 6 166.3 77.0 14.1 
31 BS13(S)C3 S6 2.20 59.1 41 1 6 159.5 74.2 14.0 
32 BS13(S)C3 S7 2.35 51.3 48 2 7 165.1 78.4 14.1 
33 BSCB1(R)C9 SO 5.02 98.2 54 4 4 188.3 84.4 15.2 
34 BSCB1(R)C9 SI 3.43 65.1 54 2 5 170.4 74.7 14.6 
35 BSCB1(R)C9 S2 2.64 51.3 53 3 4 161.2 70.0 14.5 
36 BSCB1(R)C9 S3 2.34 48.2 50 5 4 157.6 68.2 14.3 
37 BSCB1(R)C9 S4 2.28 44.8 52 2 4 155.4 66.4 14.9 
38 BSCB1(R)C9 S5 2.28 45.0 52 3 3 158.3 68.8 14.2 
39 BSCB1(R)C9 S6 2.04 41.9 50 4 4 164.4 73.5 14.6 
40 BSCB1(R)C9 S7 1.93 43.4 47 2 3 154.3 67.0 14.4 
41 BSSS(R)C9 SO 5.56 104.1 55 3 6 212.8 98.0 17.2 
42 BSSS(R)C9 SI 4.04 81.3 52 1 6 200.4 89.3 17.1 
43 BSSS(R)C9 S2 3.32 64.8 53 3 5 189.0 81.9 16.4 
44 BSSS(R)C9 S3 2.81 60.4 49 1 5 185.4 79.5 16.6 
45 BSSS(R)C9 S4 2.73 59.7 48 2 5 187.0 79.7 16.3 
46 BSSS(R)C9 S5 2.71 55.3 51 2 3 185.1 79.1 16.3 
47 BSSS(R)C9 S6 2.60 53.1 51 1 6 185.3 80.9 16.3 
48 BSSS(R)C9 S7 2.39 52.8 47 2 5 183.1 77.4 16.2 
49 B14 1.67 40.5 44 0 0 174.0 75.0 13.8 
50 B73 3.55 68.3 53 2 3 186.8 91.8 16.6 
SE 
LSDQ.oi 
CV, X 
0.15 
5.51 
8.0 
2.55 
12.22 
17.96 
1.19 
4.35 
7.31 
1.14 
4.13 
7.40 
1.58 
5.75 
11.83 
2.06 
7.60 
3.54 
1.57 
5.69 
5.73 
0.25 
0.85 
4.64 
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EL ED CD KD ERS TKW DA ELW 
15.2 4.1 2.9 13.0 41 55.6 93 9.5 
14.8 4.0 2.8 12.4 38 54.5 94 9.6 
14.6 3.9 2.8 11.8 37 52.5 95 9,3 
14.1 3.9 2.8 11.2 36 55.1 94 9,4 
14.1 3.9 2.7 11.6 36 53,0 95 9.5 
14.0 3.9 2.7 11.8 32 58.4 96 9,6 
14.5 3.9 2.7 11.4 37 54.9 96 9,4 
15.4 4.0 2.6 13.8 49 62.2 86 9.7 
14.1 3.8 2.6 12.3 46 59.5 87 9.2 
13.7 3.7 2.6 11.8 42 56.9 88 9.1 
13.1 3.6 2.5 11.1 41 56.3 90 8.9 
12.9 3.6 2.6 10.6 41 54.6 89 8,7 
13.1 3.5 2.6 12.0 44 54.8 90 8.7 
12.8 3.6 2.5 11.0 39 55.6 92 8,7 
13.1 3.6 2.6 10.3 38 55.4 91 8.8 
15.5 4.4 2.7 17.0 45 63,5 89 8.9 
14.7 4.3 2.7 15.6 40 61,0 91 8.4 
14.2 4.1 2.7 14.6 42 60.1 91 8.5 
13.6 4.1 2.7 14.7 38 59,8 93 8.2 
13.5 4.1 2.7 13.9 38 61,6 92 8.3 
13.5 4.0 2.7 13,3 40 61.9 92 8.0 
13.5 4.0 2.7 14.0 39 61.7 93 8.0 
13.3 3.9 2.7 13.3 37 60.8 93 8,0 
14.9 3.8 2.6 11.6 29 72.7 95 9.4 
12.3 4.3 2.9 14,5 40 60.8 96 9.2 
0.2 
0.74 
4.25 
0.04 
0.14 
3.03 
0.02 
0.09 
2.87 
0.36 
1.31 
8.48 
1.30 
4.70 
10.75 
1.25 
4.58 
6.58 
0.45 
1.63 
1.47 
0.07 
0.27 
2.51 
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dominance there can be no Inbreeding depression (Hallauer and Miranda, 
1988; Falconer, 1989). 
The linear (additive model) explained the majority of the variation 
associated with the change In the means from the population per se and 
the seven bulked Inbred generations (Sj to Sy) for yield in Hg ha'^, grams 
per plant, plant height, ear height, ear length, and ear diameter. All 
traits were negatively correlated with the coefficient of inbreeding 
(i.e., the mean declines as the inbreeding coefficient increases) except 
for days-to-anthesis which increased in a linear manner as inbreeding 
Increased. The linear regression coefficients and their standard errors, 
rates of inbreeding depression per 0.01 increase in the inbreeding 
coefficient, and the values for the linear model for each trait In 
each population are given in Table 3. 
The objective of this experiment was to determine to what extent 
inbreeding depression rates had changed with seven cycles of half-slb and 
three cycles of S2 selection in BSSS, and nine cycles of reciprocal half-
sib selection in BSSS and BSCBl. The inbreeding depression rate for 
every trait in BS13(S)C3 decreased with selection except grams per plant, 
300-kernel weight, and days to anthesls. The decrease in the inbreeding 
depression rate was highly significant (P < 0.01) for all traits except 
yield in Mg ha'^, number of ears per plot, and days-to-anthes is which were 
significantly different (P ^  0.05) from BSSSCO (Table 5). After nine 
cycles of reciprocal half-sib selection in BSSS, rates of inbreeding 
depression were significantly (P < 0.01) lower for all traits except 
Table 5. Comparisons of inbreeding depression rates for BSSSCO, BS13(S)C3, and BSSS(R)C9 for 16 
traits 
Population YLD 
t-test of regression coefficients 
GRMSPLT STDHA. RTLDG STLDG PH EH KRN 
BSSSCO 
BS13(S)C3 
BSSS(R)C9 
Mg ha-1 
3.14 
2.95* 
3.06 
cm 
51.25 11.03 1.79 4.59 50.27 35.31 1.71 
52.17 7.45** 1.77 3.60 32.35** 19.86** 0.22** 
51.18 6.0** 1.02* 1.44* 29.50** 19.81** 1.03** 
t-test of regression coefficients 
Population EL ED CD KD ERS TKW DA ELU 
BSSSCO 3.16 0.77 0.21 4.91 10.90 7.4 3.93 1.00 
BS13(S)C3 2.14** 0.42** 0.11** 3.57** 9.35* 9.39** 4.53* 0.41** 
BSSS(R)C9 2.20** 0.44** 0.0** 3.40** 6.38** 2.38** 3.71 0.83** 
•Significant at 0.05 level of probability. 
**Significant at 0.01 level of probability. 
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stalk lodging percent (P £ 0.05), and days-to-anthesls, grams per plant, 
and yield in Mg ha~^, which had nonsignificant decreases (Table 5). 
The inbreeding depression rates in BS13(S)C3 and BSSS(R)C9 can be 
compared to determine what effect the selection method (half-sib and S2 
versus reciprocal half-sib) had on changing the inbreeding depression 
rates. The difference in the rate of inbreeding depression for the two 
populations were highly significant (P £ 0.01) for kernel-row number, 
days-to-anthesls, ear-leaf width, cob diameter, and number of ears per 
plot, and significant (P £ 0.05) for plant height, 300-kernel weight, 
stalk lodging (%), and stand (Table 6). 
Declines in the rate of inbreeding depression following nine cycles 
of reciprocal half-sib selection in BSCBl were highly significant (P < 
0.01) for all traits except days-to-anthesls, ear leaf width, kernel 
depth, and stalk lodging (%) which changed significantly (F < 0.05). 
Nonsignificant changes were observed for number of ears per plot, and 
300-kernel weight (Table 7). The rates of inbreeding depression in 
BSSS(R)C9 and BSCB1(R)C9 were not significantly different for eight of 
the 16 traits studied. Highly significant (P < 0.01) differences for the 
rate of inbreeding depression existed in these populations for root 
lodging (%), ear height, kernel-row number, ear length, number of ears 
per plot, days to anthesis, and ear-leaf width, while inbreeding 
depression rates for stand, stalk lodging (%), and cob diameter were 
significantly (P < 0.05) different in the two populations (Table 8). 
BS26, a genetically broad-based population of Lancaster Sure Crop 
origin, was included in this study because empirical data were not 
Table 6. Inbreeding depression rates for improved populations of BSSS combined over nine 
environments for 16 traits 
Population YLD GRHSPLT 
t-test of regression coefficients 
STDHA RTLDG STLDG PH EH KRN 
BS13(S)C3 
Mg ha-1 
2.95 52.17 7.45 1.77 3.60 
-cm-
32.35 19.86 0.22 
BSSS(R)C9 3.06 51.18 6.00* 1.02 1.44* 29.50* 19.81 1.03** 
Ul 
Population EL ED 
t-test of regression coefficients 
CD KD ERS TKtf DA ELW 
BS13(S)C3 2.14 0.42 0.11 3.57 9.35 9.39 4.53 0.41 
BSSS(R)C9 2.20 0.44 0.0** 3.40 6.38** 2.38* 3.71** 0.83** 
•Significant at the 0.05 level of probability. 
**Significant at the 0.01 level of probability. 
Table-7. Comparison of Inbreeding depression rates of BSCB1(R)C9 versus BSCB1(R)C0 for 16 traits 
combined over nine environments 
t-test of regression coefficients 
Population YLD GRMSPLT STDHA RTLDG STIOG PH EH KRN 
Mg ha"^ cm 
BSCB1(R)C0 3.24 47.69 14.05 3.35 5.46 45.96 26.87 1.59 
BSCB1(R)C9 2.96** 54.66** 4.69** 0.53 0.85* 30.76** 15.60** 0.37** 
t-test of regression coefficients 
Population EL ED CD KD ERS TKW DA ELW 
BSCB1(R)C0 3.86 0.69 0.18 4.67 8.34 6.84 7.10 0.84 
BSCB1(R)C9 2.45** .0.44** 0.04** 3.04* 9.32 7.82** 5.11* 0.99* 
•Significant at 0.05 level of probability. 
••Significant at 0.01 level of probability. 
Table 8. Effects of reciprocal recurrent selection on inbreeding depression rates in BSSS(R)C9 and 
BSCB1(R)C9 for 16 traits combined over nine environments 
t-test of regression coefficients 
Population YLD GRHSPLT STDHA RTLDG STLDG FH EH KRN 
Mg ha"* 
BSCB1(R)C9 2.96 54.66 4.69 0.53 0.85 30.76 15.60 0.37 
BSSS(R)C9 3.06 51.18 6.0* 1.02** 1.44 29.50 19.81** 1.03** 
t-test of regression coefficients 
Population EL ED CD KD ERS TKW DA ELU 
BSCB1(R)C9 3.86 0.44 0.04 3.04 9.32 7.82 5.11 0.99 
BSSS(R)C9 2.45** 0.44 0.0* 3.40 6.38** 2.38 3.71** 0.83** 
•Significant at the 0.05 level of probability. 
••Significant at the 0.01 level of probability. 
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available. More empirical data were needed to determine the potential 
for this germplasm source to contribute to applied breeding programs. It 
was desired to compare the mean performance and rate of Inbreeding 
depression In BS26 for the 16 plant and ear traits studied to those of 
the BSSSCO and BSCB1(R)C0 populations, which have been widely used as 
source populations for Inbred lines extraction In both public and private 
breeding programs. The differences In the rates of inbreeding depression 
In BS26 and BSSSCO were highly significant (P < 0.01) for every trait 
except ear-leaf width (P £ 0.05) and ear height, kernel depth, and 300-
kernel weight which were not significant. The differences in Inbreeding 
depression rates between BS26 and BSCB1(R)C0 were highly significant (P < 
0.01) for all traits except days-to-anthesls (P < 0.05) and ear-leaf 
width, number of ears per plot, kernel depth, and root lodging (%) which 
were not significant. BS26 had a higher rate of Inbreeding depression 
than either BSSSCO or BSCB1(R)C0 for yield in Mg ha'^, grams per plant, 
plant height, ear height, ear length, 300-kernel weight, and days-to-
anthesls (Table 9). 
Two other Inbreeding experiments were conducted in BSSSCO (Hallauer 
and Sears, 1973; Good and Hallauer, 1977). The entries for evaluation in 
those two experiments and in this experiment were developed by modified 
single-seed descent, which guaranteed that the same lines were advanced 
each generation and included in the entry bulked populations, as 
described by Good and Hallauer (1977) . The use of single-seed methods to 
propagate the lines for different levais of Inbreeding in the populations 
minimizes the opportunity for random genetic drift to alter the Sq 
Table 9. Comparison of inbreeding depression rates between BS26 and BSSSCO and BSCB1(R)C0 for 16 
traits over nine environments 
t-test of regression coefficients 
Population YLD GRMSPLT STDHA RTLDG STLDG PH EH KRN 
Mg ha"^ cm 
BS26 3.89 67.90 7.15 3.69 10.18 55.60 34.94 0.99 
BSSSCO 3.14* 51.25** 11.03** 1.79** 4.59** 50.27** 35.31 1.71** 
BSCBICO 3.24** 47.69** 14.05** 3.35 5.46** 45.96** 26.87** 1.59** 
t-test of repression coefficients 
Population EL ED CD KD ERS TKU DA ELW 
BS26 4.44 0.01 0.09 4.63 9.29 11.49 5.29 0.83 
BSSSCO 3.16** 0.77** 0.21** 4.91 10.90** 10.90* 3.93** 1.00* 
BSCBICO 3.86** 0.69** 0.18** 4.67 8.34 9.35** 7.10* 0.84 
*Significant at 0.05 level of probability. 
**Significant at 0.01 level of probability. 
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population gene frequency In the Inbred generations. A critical 
assumption of this experiment Is that gene frequencies are the same for 
the SQ and bulked Inbred generations of each population. The linear 
regression coefficients for this experiment are In general agreement with 
those of the two previous inbreeding studies in BSSSCO except for yield 
in Mg ha"^, grams per plant, and 300-kemel weight in which the linear 
regression coefficient obtained in this experiment are substantially 
lower. A summary of the linear regression coefficients for the two 
previous experiments and the present experiment are given in Table 10. 
The inbreeding depression rates reported in this experiment for 
grain yield differ from those obtained in previous studies of improved 
populations in BSSS and fiSCBl. All previous studies used the differences 
in the SG and Sp or SQ and S2 generation means to calculate the 
inbreeding depression rates. In order to directly compare the inbreeding 
depression rates obtained in this study to other studies, the inbreeding 
depression rates for grain yield were calculated on the SQ to S^ 
generation means, and by linear regression on the SQ to S2 generation 
means. The rates of inbreeding depression were expressed as the change 
in the linear regression coefficient per increase of 0.01 in the 
inbreeding coefficient. These inbreeding depression rates were compared 
to those obtained in five previous empirical studies conducted in BSSS 
and BSCBl (Table 11). 
The growing seasons in 1989 and 1990 were environmentally different. 
The difference in envlronmentl conditions for the two years is reflected 
in the estimates of the linear regression coefficients that were obtained 
Table 10. Estimates of inbreeding depression rates from three different experiments conducted in 
Iowa Stiff Stalk Synthetic 
Linear regression coefficients 
YLD GRHSPLT STDHA RTLDG STLDG FH EH KRN 
Mg ha-1 
Good & Hallauer -4.65 -115.2 -9.44 -- -- -49.04 -33.42 
Hallauer & Sears -4.49 -111.2 — — -- -48.00 -30.00 -1.80 
Benson & Hallauer -3.14 -51.25 -11.03 -1.79 -4.59 -50.27 -35.31 -1.71 
Linear regression coefficients 
EL ED CD KD IQ&S IKW DA ELW 
Good & Hallauer -4.25 -0.87 -0.24 6.8 — -10.40 5.35 — 
Hallauer & Sears -4.40 -1.01 -0.36 -6.47 -- -- 4.60 -1.34 
Benson & Hallauer -3.16 -0.77 -0.21 -4.91 -10.90 -7.44 3.93 -1.00 
Table 11. Empirical data collected on Inbreeding depression rates for 
grain yield In six different experiments with BSSS and BSCBl* 
Walters & Russell Rodriguez 
Benson & Hallauer 1989 1986 
Population SO-Sl S0-S2 SO-Sl SO-Sl 
BSSSCO 0.037 0.034 0.035 0.035 
IDR^ 0.81 0.74 0.69 0.75 
BSSS(R)C9 0.030 0.030 0.026 0.026^ 
m 0.55 0.54 0.46 0.49 
BS13(S)C3 0.036 0.034 0.020 0.016® 
IDR 0.68 0.64 0.36 0.26 
Sox 
BSCB1(R)C0 0.032 0.036 0.039 
IDR 0.73 0.72 0.76 
Sox 
BSCB1(R)C9 0.030 0.032 0.032® 
IDR 0.63 0.63 0.75 
Sox 
"Data expressed as change In Inbreeding depression rate for each 
Increase of 0.01 In the Inbreeding coefficient. 
hlatlo obtained by dividing the Inbreeding depression rate by the Sq 
population mean. 
®Data for BS13 In Rodriguez and Hallauer is from the cycle four 
population. Data for Improved populations of BSCBl and BSSS were 
obtained from the cycle 10 population. 
^Data for BS13 in Helms et al. was obtained from the cycle four 
population. 
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Helms et al. KeeratlnJakal Lamkey & Smith 
1989 122S 1987 
SO-Sl SO-Sl 80-82 
0.030 0.023 0.022 
0.74 0.63 0.59 
0.0314 0.017 0.015 
0.59 0.40 0.35 
0.025 0.011 
0.48 0.35 
0.013 
0.50 
0.023 
0.58 
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in the testing locations in 1989 and 1990. The linear regression 
estimates from 1989 and 1990 are given in Appendix C. The linear 
regression coefficients for the combined analysis are given in Table 12. 
Regression coefficients for the quadratic model obtained from the 
combined analyses are given in Table 13. 
An F-test for homogeneity of regression coefficients among the six 
populations was conducted to determine if the linear regression 
coefficients for grain yield, plant height, and ear height were 
significantly different from one another in each Individual environment 
and when combined over environments. Differences among the regression 
coefficients were highly significant (P < 0.01) for yield, plant height, 
and ear height in the combined analysis, and for yield in four of nine 
environments, plant height in eight of nine environments, and ear height 
in six of nine environments. Significant (F ^  0.05) differences among 
regression coefficients were detected in two additional environments for 
yield and ear height (Table 14). 
Phenotyplc correlations were calculated for each population to 
determine how two traits changed as the population inbreeding coefficient 
Increased. Generally, the phenotyplc corrélations for a trait were 
similar for each population whether it was a cycle 0 or an improved 
population and did not change with the type of selection method used for 
population improvement. These correlations did not provide any new 
information that could not be obtained from the regression analysis. 
These correlations are Included in Appendix D. 
Table 12. Estimates of linear regression coefficients from combined 
analysis over nine environments for 16 traits for each 
population 
Trait 
Populations YLD GRMSFLT STDHA RTLDG STLDG FH EH 
Mg ha ^ ------cm-------
BS26 -3.89 -67.90 -7.15 -3.69 -10.18 -55.60 -34.94 
BSSSCO -3.14 -51.25 -11.03 -1.79 -4.59 -50.27 -35.31 
BSCBICO -3.24 -47.69 -14.05 -3.35 -5.46 -45.96 -26.87 
BS13(S)C3 -2.95 -52.17 -7.45 -1.77 -3.60 -32.35 -19.86 
BSCB1(R)C9 -2.96 -54.66 -4.69 -0.53 -0.85 -30.76 -15.60 
BSSS(R)C9 -3.06 -51.18 -6.0 -1.02 -1.44 -29.50 -19.81 
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Traits 
KRN EL ED CD KD ERS TKW DÂ ELW 
----------cin---------- nun 
-0.99 -4.44 -0.61 -0.09 -4.63 -9.29 -11.49 +5.29 -0.83 
-1.71 -3.16 -0.77 -0.21 -4.91 -10.90 -7.44 +3.93 -1.0 
-1.59 -3.86 -0.69 -0.18 -4.67 -8.34 -6.84 +7.10 -0.84 
-0.22 -2.14 -0.42 -0.11 -3.57 -9.35 -9.39 +4.53 -0.41 
-0.37 -2.45 -0.44 -0.44 -3.04 -9.32 -7.82 +5.11 -0.99 
-1.03 -2.20 -0.44 0.0 -3.40 -6.38 -2.38 +3.71 -0.83 
Table 13. Estimates of regression coefficients for the quadratic model 
for 16 traits combined over nine environments 
YLD MB ha-1 GRMSPLT STDHA RTLDG 
tq b, hq bf bq 
BS26 -46.64 7.53 -93.57 24.93 9.45 -16.10 -9.90 6.02 
BSSSCO -41.28 9.62 -76.61 24.59 6.81 -17.31 -7.33 5.36 
BSCB1(R)C0 -42.23 9.56 -58.49 10.48 -7.24 -6.61 1.15 -4.36 
BS13(S)C3 -43.10 13.19 -110.06 56.14 13.05 -19.89 1.16 -2.84 
BSCB1(R)C9 -34.71 4.93 -78.55 23.17 5.87 -10.24 -3.64 3.01 
BSSS(R)C9 -29.66 -0.91 -44.96 -6.04 -2.38 -3.52 -3.33 2.23 
EL ED CD KD 
tq N bf bf 
BS26 -3.39 -1.0 -0.47 -0.14 -0.09 0.0 -2.94 -1.64 
BSSSCO -4.38 1.18 -0.65 -0.13 -0.12 -0.09 -2.98 -1.88 
BSCB1(R)C0 -2.01 -1.79 -0.37 -0.31 -0.32 -0.48 -4.57 -0.09 
BS13(S)C3 -1.96 -0.18 -0.46 -0.01 -0.47 -0.56 -4.20 0.61 
BSCB1(R)C9 -2.50 -0.06 -0.37 0.08 -0.01 -0.04 -2.79 -0.25 
BSSS(R)C9 -0.98 -1.18 -0.02 -0.41 0 0 -1.76 -1.59 
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STLDG PH BH KRN 
b, b, 
-7.20 -2.89 -41.14 -14.01 -34.29 -0.63 -1.60 0.59 
-3.91 -0.65 -33.96 -15.82 -29.13 -5.99 -0.66 -1.01 
-14.08 8.37 -34.72 -10.90 -23.99 -2.79 -1.04 -0.53 
-5.52 1.86 -17.09 -14.80 -5.02 -14.22 -0.55 0.31 
3.89 -4.59 -48.26 16.97 -28.12 12.13 -2.31 1.88 
0.026 -1.42 -29.22 -0.27 -21.04 1.18 -0.003 -0.99 
ERS TKW PA ELW 
W bf bf 
-0.84 -8.19 -17.01 5.43 1.25 3.91 -0.99 0.15 
-12.76 1.81 -16.81 9.07 4.70 -0.74 -0.94 -0.06 
-6.83 -1.47 -18.04 10.86 1.87 5.06 -0.21 -0.61 
-3.01 -6.14 -31.71 21.64 2.63 1.84 -1.03 0.60 
-5.09 -4.1 -6.13 -1.63 -2.45 7.33 -0.72 -0.26 
-7.84 1.41 -7.82 5.27 2.96 0.72 -0.45 -0.37 
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Table 14. F-test for homogeneity of regression coefficients for a trait 
among populations In each Individual environment and combined 
over nine environments 
Experiment YLD PH EH 
12I£ 
Ames ns ** ns 
Atomic Energy ns ** ** 
Ankeny ** ** ** 
Hartlnsburg ns ** ** 
im 
Ames ** ** * 
Atomic Energy* * ns * 
Ankeny ** ** ** 
Martlnsburg * ** ** 
Crawfordsvllle ** ** ** 
Combined ** ** ** 
"Flood damage In 1990. 
72 
DISCUSSION 
Iowa Stiff Stalk Synthetic (BSSS) Is one of the most extensively 
studied maize populations. BSSS has been used In two distinctly 
different recurrent selection programs; half-slb family selection 
followed by S2 progeny selection, and reciprocal recurrent selection with 
BSCBl. The objectives of this study were to determine what changes had 
occurred in the inbreeding depression rates for 16 plant and ear traits 
as a result of seven-cycles of half-slb and three cycles of $2 selection 
in BS13(S)C3, and nine cycles of reciprocal recurrent selection in 
BSSS(R)C9 and BSCB1(R)C9. BS13(S)C3, BSSS(R)C9, and BSCB1(R)C9 are the 
by-products of nearly 50 years of basic quantitative genetic and 
selection method studies conducted at Iowa State University. 
To produce high-yielding hybrids at a cost acceptable to growers, 
breeders must develop higher yielding Inbreds less affected by inbreeding 
depression. It would be easier to extract Improved Inbred lines from F2 
and backcross populations if the population mean was not so drastically 
reduced when selfing was initiated. The reduction in the mean for plant 
and ear traits that occurs when F2 populations are selfed is frustrating 
to the breeder. The ability to extract Improved inbreds would be 
enhanced if maize populations were more tolerant to inbreeding. If the 
force of artificial selection Imposed by the breeder causes breeding 
populations to become more Inbred, favorable alleles become fixed at more 
loci which should result in an increase in the mean and a reduction in 
the rate of inbreeding depression. As the magnitude of the Inbreeding 
coefficient Increases, more alleles in the population become identical by 
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descent and cannot contribute to further depression of the mean upon 
Inbreeding. In the Improved populations of BS13(S)G3, BSSS(R)C9, and 
BSCB1(R)C9, two forces have been working to change gene frequency: 
selection, which Is Intended to Increase the mean and change allele 
frequency In a systematic manner, and random genetic drift due to the 
small effective population sizes used during the recombination phase, 
which affects allele frequency In a random manner. As a result of the 
small effective population sizes used, the Inbreeding coefficient has 
Increased from 0.0 In BSSSCO to approximately 0.40 in BS13(S)C3, and to 
0.30 In BSSS(R)C9 and BSCB1(R)C9 (Lamkey, 1991). Center (1971) reported 
that the Inbreeding depression rate was reduced and the Sq mean for yield 
was Increased by selection In the BSSS(HT)G7 population. In this study, 
we wished to determine If the selection methods and effective population 
sizes used in the half-slb family selection followed by S2 progeny 
selection, and reciprocal recurrent selection programs had changed 
inbreeding depression rates for 16 plant and ear traits in improved 
populations of BSSS and BSCBl. 
The effect of Inbreeding in the six populations agreed generally 
with data obtained in previous Inbreeding studies (Sing et al., 1967; 
Center, 1971; Hallauer and Sears, 1973; Cornelius and Dudley, 1974; Good 
and Hallauer, 1977); reduction in the mean and a negative linear 
relationship to the coefficient of inbreeding for all traits except days-
to-anthesls. The additive genetic model adequately described the 
variation In the generation means for all traits except root lodging (%) 
and stalk lodging (X), which were dependent on the environment for their 
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expression. The reduction In the mean with Inbreeding was due to the 
cumulative effects of loci with dominance. There has been no change in 
fit of data to the additive model with selection in BSSS and BSGBl. The 
rate of Inbreeding depression declined with selection in all traits 
except 300-kernel weight which increased in BSCB1(R)C9 and BS13(S}C3 and 
ear-leaf width which Increased in BSCB1(R)C9. The Inbreeding depression 
rate for grain yield remained unchanged in BSSS(R)C9 and decreased 
significantly (P ^  0.05) in BS13(S)C3 and highly significantly (P < 0.01) 
in BSGBl(R)C9. 
Yield Traits 
One significant outcome of this study was that inbreeding depression 
rates for yield were either unchanged or decreased very little with seven 
cycles of half-sib and three cycles of S2 recurrent selection in BSSS and 
nine cycles of reciprocal recurrent selection in BSSS and BSGBl. The 
rate of Inbreeding depression for yield was 2.95 Mg ha"^ in BS13(S)C3, 
3.06 Mg ha-1 in BSSS(R)C9, and 3.14 Mg ha ^ in BSSSGO (Fig. 1). The 0.29 
Mg ha*^ difference in the inbreeding depression rate between BS13(S)C3 and 
BSSS was statistically significant (P < 0.05) but from a practical 
standpoint the rates were basically unchanged (Table 5). In BS13(S)C3, 
the SQ mean Increased 0.73 Mg ha.j and the Sj mean improved 1.05 Mg ha~^. 
The inbred population mean for yield was not reduced as much in BS13(S)C3 
as it was in BSSSGO. Selection caused either an Increase in favorable 
allele frequency or a decrease in the number of segregating loci in 
BS13(S)C3. In BSSS(R)C9, the inbreeding depression rate for yield was 
3.06 Mg ha"- and was not different from the rate of 3.14 Mg ha'^ in BSSSGO. 
Figure 1. Inbreeding depression rate in Mg ha"^ for grain yield from F — 0 to F — 1 in BSSS 
populations 
MG/HA 
4 I 
BSSSCO BSSS(R)C9 BS13(S)C3 
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Good and Hallauer (1977) reported nearly identical rates of inbreeding 
depression for the BSSSGO and BSSS(R)C6 populations. Good and Hallauer 
(1977) hypothesized that enough deleterious recessive loci remained 
following six cycles of selection to cause a reduction in the mean when 
inbreeding was initiated. Reciprocal recurrent selection increased the 
BSSS(R)G9 Sq mean 1.04 Mg ha"^ and the SY mean 1.09 Mg ha'^. The increase 
in the mean while the inbreeding depression rate was unchanged resulted 
in parallel regression lines for BSSSGO and BSSS(R)G9 (Fig. 2). Data 
from Helms et al. (1988) on grain yield in the Sg and the Sj bulked 
populations of BSSSGO, BSSS(HT)C7, and BS13(S)G3 showed the rate of 
inbreeding depression had been increased by selection in BSSS(HT)G7 and 
BSSS(R)G10 and decreased by selection in BS13(S)G3. 
Previous studies in BSSS (Lamkey and Smith, 1986; Helms et al. 1989; 
Keeratinijakal and Lamkey, 1990) reported the inbreeding depression rate 
for grain yield in Mg ha'^ was substantially higher in BSSS(R)C9 than in 
BS13(S)C3. The difference in the rate of inbreeding depression between 
these two improved populations of BSSS was explained by the type of 
recurrent selection method used in population improvement. S2 progeny 
selection was hypothesized to be a more efficient method for exposing 
deleterious recessive alleles than reciprocal recurrent selection. If S2 
progeny selection were more effective at eliminating deleterious 
recessive alleles from the population than reciprocal recurrent 
selection, the reduction in the population mean with the initiation of 
inbreeding would be greater in BSSS(R)C9 than in BS13(S)C3. Data 
obtained on the rate of inbreeding depression for grain yield in 
Figure 2. Linear regression lines for grain yield In Mg ha"^ from F - 0 to F - 1 for BSSSCO 
i 
and BSSS(R)C9 
MG/HA 
BSSS(R)C9 
'Y'=f5(5.7' -- 3().6)( 
BSSSCO 
C31.3X 
0.6 0 0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1 
INBREEDING COEFFICIENT 
80 
BS13(S)C3 and BSSS(R)C3 in this study does not support data obtained in 
previous studies. 
The inbreeding depression rate for grain yield in BSCBl had a highly 
significant (P ^  0.01) decrease from 3.24 Mg ha~^ in BSCBl(R)CO to 2.95 Mg 
ha'^ in BSCB1(R)C9. The decline in the inbreeding depression rate 
occurred with no improvement of the SQ mean but a 0.19 Mg ha*^ improvement 
in the Sy mean (Fig. 3). The inbreeding depression rate for yield was 
3.89 Mg ha-1 in BS26, 3.14 Mg ha'^ in BSSSCO, and 3.24 Mg ha'l in 
BSCB1(R)C0 (Fig. 4). BS26 is a genetically broad-based population 
developed by intermating lines and populations of Lancaster Sure Crop 
germplasm. The 3.89 Mg ha"^ inbreeding depression rate for yield confirms 
the more heterogenous nature of BS26. The SQ mean for BS26 was the 
highest in the experiment (5.84 Mg ha'^) and was 1.32 Mg ha~^ greater than 
BSSSCO and was 0.82 Mg ha'^ greater than BSCB1(R)C0 (Table 4). The 
inbreeding depression rate for yield in BS26 was the highest of any 
population in this study. BS26 has more loci segregating for yield that 
contributed to the reduction in the mean upon inbreeding. The high Sq 
mean and rate of inbreeding depression for grain yield indicates that 
BS26 could become,an important source of inbred lines in the future. 
The most likely explanation for the decline in the inbreeding 
depression rates in BS13(S)C3 and BSCfil(R)C9 is that either selection 
increased the frequency of favorable alleles, or the number of 
segregating loci has decreased. The actual numerical value of these two 
parameters are unknown and their effects are confounded in the value for 
the inbreeding depression rates. Because of random genetic drift, 40% of 
Figure 3. Linear regression lines for grain yield in Mg ha'^ from F - 0 to F - 1 for BSCB1(R)C0 
and fiSCBl(R)C9 
MG/HA 
BSCB1(R)C9 
y =^1(3.7" -
BSCB1(R)C0 
0.1 0.3 0.4 0.5 0.6 0.7 0.8 0 0.2 0.9 1 
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Figure 4. Inbreeding depression rate in Mg ha"^ for grain yield from F — 0 to F — 1 in the 
cycle 0 populations 
MG/HA 
6 I 
4 
BS26 BSSSCO BSCB1(R)C0 
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the loci in BS13(S)C3, and 30% of the loci in BSCB1(R)C9 and BSSS(R)C9 
are identical by descent and cannot contribute to inbreeding depression 
(Lamkey, 1991). The magnitude of inbreeding in the improved populations 
themselves suggests that inbreeding depression rates should be reduced 
substantially: empirical data collected for grain yield in this study, 
however, does not support this hypothesis. 
It is difficult to visualize how the Sq and SY yield means in the 
improved BSSS populations could be improved while the rate of inbreeding 
depression remained essentially unchanged. There may be forces operative 
in maize populations to maintain heterogeneity. Mutation could be one of 
the forces affecting fixation of alleles. The mutation rate could be in 
disequilibrium which would counteract the effects of selection and 
maintain heterogeneity in the population. If selection substitutes the 
favorable allele Aj for the unfavorable allele A2, and mutation rates are 
in disequilibrium (Aj — A2 at a greater frequency than A2 — Aj) then 
population heterogeneity would be enhanced. The Ug transposable genetic 
element family is known to be active in BSSSCO and BS13(S}C3 (Peterson 
and Salami, 1988; Cormack and Peterson, 1988) and could be creating both 
favorable and unfavorable genetic variation in BS13(S)C3. The Ug 
transposable element system, however, cannot be a factor maintaining 
genetic diversity in BSSS(R)C9 because the Ug element has not been 
detected in BSSS(R) beyond the cycle five population (Cormack, 1988). 
Another possible explanation is that the frequency of favorable alleles 
was increased by selection in BSSS and BSCBl with a proportional decrease 
in the number of segregating loci, and the dominance deviations at the 
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remaining segregating loci were in the complete to overdominant range. 
Given our models, this situation would create a paradox. Since the 
actual parameters for allele frequency and number of segregating loci are 
unknown, we cannot differentiate between a greater number of segregating 
loci with partial dominance, and a lesser number of segregating loci with 
dominance deviations in the complete to overdominant range. Either 
scenario would lead to similar rates of inbreeding depression. 
The inbreeding depression rate is maximized when the allele 
frequency is 0.5. Identical rates of inbreeding depression occur at 
allele frequencies of 0.1 and 0.9, 0.2 and 0.8, 0.3 and 0.7, and 0.4 and 
0.6 (Fig. 5). It seems unlikely that selection would have increased 
allele frequency from one extreme to the other. However, if selection 
had this great of an effect, it would go undetected in this experiment 
because we cannot detect when the allele frequency is at 0.5. It seems 
more reasonable to assume that the frequency of favorable alleles could 
have been increased from 0.4 to 0.6 by selection. A change in allele 
frequency of this magnitude would result in an improvement in the mean 
with no change in the inbreeding depression rate being detected. The 
changes in allele frequency below 0.5 to above 0.5 could explain the 
results obtained for yield in this study. Lamkey (1985) and Lamkey and 
Hallauer (1986), however, suggests the frequency of favorable alleles in 
the BSSSCO population may be greater than 0.5. Another possible 
explanation is that so many loci are involved in the expression of grain 
yield that nine or ten cycles of selection were not adequate to detect 
changes in the rates of inbreeding depression due to changes in allele 
frequency with the genetic models used. Yield, unlike many traits, is a 
Figure 5. Inbreeding depression curve. One locus two allele model depicting the difference 
In the population mean between an inbred (F - 1) and a noninbred (F - 0) population 
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function of the Interaction of the seed and developing plant with the 
environment from planting until harvest. A plant cannot escape the 
environmental conditions It Is subjected to during the developmental 
stages. Therefore, It seems likely that the enzymes produced by every 
gene In the genome may exercise some Influence on the expression of 
yield. A study that Included molecular markers (e.g., RFLFs) of the 
zero, three, six, and nine cycle populations of fiSSS and BSCBl could 
produce empirical evidence for the number of segregating loci and 
molecular marker frequencies and determine how these parameters have been 
changed with selection. 
The Inbreeding depression rate of 3.14 Mg ha'^ for yield in BSSSCO is 
lower than the 4.5 Mg ha'^ and 4.63 Mg ha"^ rates reported by Hallauer and 
Sears (1973), and Good and Hallauer (1977), respectively, in earlier 
inbreeding studies in BSSS (Table 11). The inbreeding depression rates 
for grain yield in those two studies were greater than the BSSS Sg mean 
in this study. The linear regression lines for Good and Hallauer (1977) 
and Benson and Hallauer (1991) are given in Figure 6. The BSSS Sq mean 
was 6.9 Mg ha"^ for Good and Hallauer (1977), 6.55 Mg ha"^ for Hallauer and 
Sears (1973), and 4.52 Mg ha"^ for this study. However, when one divides 
the term obtained by the change in the generation means divided by the 
change in inbreeding coefficient (inbreeding depression rate) by the Sq 
mean, the ratios 0.69 (3.14/4.52 for this study), 0.68 (4.49/6.55, 
Hallauer and Sears, 1973), and 0.66 (4.63/7.03, Good and Hallauer, 1977) 
are very similar. 
Figure 6. Linear regression lines for grain yield in Mg ha"^ from F - 0 to F - 1 in BSSSCO 
reported by Good and Hallauer (1977) and Benson and Hallauer (1991) 
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The ratios are the (nonlnbred mean-Inbred generation mean)/AF 
divided by the SQ mean, which reduces to (Z2pqdF/AF) divided by SQ mean. 
In the ratio p Is the frequency of the favorable allele In the 
population, q Is the frequency of the unfavorable allele A2 In the 
population, d is the dominance deviation, and F is the coefficient of 
inbreeding. If we assume complete dominance at all loci involved (d - 1) 
and cancel the coefficients of inbreeding, this expression becomes 
Z2pq/Sg mean. This ratio is a value for the change in the mean caused by 
the effects of all heterozygous loci that contribute to a change in this 
mean when inbreeding is initiated in the population. This value is 
unitless and if multiplied by 100 is essentially equal to the percent 
inbreeding depression. 
The inbreeding depression rate is a function of the difference 
between the SQ and generation means. The SQ population is more able to 
respond to favorable environmental conditions than bulked inbred 
populations. Hence, it is predictable that the observed rate of 
inbreeding depression would be greater when the SQ mean is greater. The 
differences in inbreeding depression rates for yield in BSSSCO between 
Hallauer and Sears (1973), Good and Hallauer (1977), and this study were 
not likely to be due to sampling. Rather, a more likely explanation for 
the differences in estimates of the BSSSCO SQ mean are that these 
estimates are greatly influenced by the environmental conditions during a 
particular study. Growing conditions were excellent for maize growth and 
development in the late 1960s and early 1970s when the two previous 
studies were conducted. Growing conditions for this study included 1989, 
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which was a drought year, and 1990, which was cold and wet in the spring 
causing slow plant growth and development, had normal heat units, and 
above normal rainfall. Another possible explanation for the discrepancy 
in SQ yields among this series of studies was that genetic drift has 
occurred due to repeated samplings in BSSS and the mean performance of 
the population has been reduced with repeated samplings. Whatever the 
reason, BSSS did not approach the yield levels achieved by Good and 
Hallauer (1977) or Hallauer and Sears (1973) in experiments conducted in 
recent years. 
Inbreeding depression rates for grain yield in BSSS(R)C9, BS13(S)C3, 
and BSCB1(R)C9 have varied in previous studies (Table 11). In other 
studies, yield data were obtained from either SQ and SJ bulked 
populations, or SQ, S^, and S2 bulked populations. Inbreeding depression 
rates can be calculated by linear regression if three generations are 
available (SQ, SJ, and S2) but linear regression cannot be conducted with 
only two generations of progenies. In this experiment, seven selfed 
generations were available versus the one or two in most previous 
studies. One or two generations of selfing may be too few to measure the 
degree of residual heterozygosity and establish a genetic trend. A key 
assumption concerning the genetic material in this study was that only 
the genotype frequencies changed in individuals within the selfed 
populations (Sj to Sj) while the population allele frequencies remained 
unchanged. Selection was not practiced in the development of the 
progenies for evaluation, but it is possible that some random changes 
occurred due to the forces of genetic drift. In previous studies, allele 
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frequencies could have been altered by the selection criteria that only 
ears with enough seed for testing In six replications over a two-year 
period were chosen. Selection of this type would be expected to bias 
Inbreeding depression rates downward, however, because Individuals with a 
higher frequency of favorable alleles than the average would be retained. 
In the SQ to S2 experiments, some random changes In allele frequency due 
to genetic drift could occur when bulk Inbred population were selfed 
to produce $2 bulk populations. In this study, lines of descent were 
maintained and selection was not practiced, and the same lines were 
represented In Identical manner In each selfed population. 
Data obtained for yield In this study Is the maximum genotyplc yield 
because plots were hand harvested and small ears, ears on lodged plants, 
and dropped ears were recovered. Plots were harvested by machine in 
other comparable studies, and It Is not clear which direction machine 
harvesting would bias Inbreeding depression rates. Machine harvesting 
will not provide yield data on maximum genotyplc yield due to small ears 
on standing plants, ears on lodged and broken plants which cannot be 
retrieved, and kernels and broken ears which pass through the harvester 
unthreshed. If the SQ mean were reduced more than the mean yields of the 
selfed populations, the rate of inbreeding depression would be biased 
downwards. 
The best explanation for the wide range of values for inbreeding 
depression rate in this study and other previous studies are the growing 
conditions encountered in each study. The observed rate of inbreeding 
depression was dependent on the SQ mean. The SQ mean is greatly affected 
95 
by the environment. Under good growing conditions, the SQ yield may have 
Increased more than that of the Inbred populations, causing Inflated 
estimates of the Inbreeding depression rates. Under conditions 
unfavorable for maize growth, the SQ mean may be decreased more In 
proportion to the means of the Inbred populations. Another method to 
compare results obtained on the rate of Inbreeding depression for yield 
In different experiments under different conditions with different Sq 
means Is to calculate a ratio of the Inbreeding depression rate divided 
by the SQ means which Is essentially a percent Inbreeding depression. 
When data are expressed In this manner, the values tend to regress to 
some mean and the range of values Is reduced (Table 11). The one 
population that behaves in an erratic manner Is BS13(S)C3 which has a 
higher inbreeding coefficient than the other populations and which would 
be expected to have a greater sampling variance (Table 11). Caution must 
be exercised when comparing inbreeding depression rates for similar 
genetic material grown under different growing conditions. The mean 
values of Inbreeding depression rates for yield over different 
environments and studies would provide a better estimate of the true rate 
of inbreeding depression. 
Yield can be expressed on a per plant basis (grams per plant), which 
is calculated as total plot yield divided by the number of plants. Grams 
per plant, similar to yield, decreased linearly with inbreeding. 
However, the linear (additive) model does not explain the same proportion 
of total sums of squares for grams per plant as it does for yield per 
plot. Possible reasons for the increase in nonlinearity could be the 
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confounding effects of barren and prolific plants, and the ability of 
plants to compensate for poor stands by Increasing ear length, ear 
diameter, kernel depth, and 300-kernel weight. The Inbreeding depression 
rate for grams per plant was either unchanged or Increased with 
selection. The Inbreeding depression rate for grams per plant was 51.2 
grams In BSSSCO, 51.2 grams In BSSS(R)C9 and 52.2 grams In BS13(S)C3 
(Table 5). The Inbreeding depression rate for grams per plant Increased 
to 54.7 grams In BSCB1(R)C9 from 47.7 grams In BSCB1(R)C0 (Table 8). The 
Sg mean for yield has Increased In BS13(S)C3, and BSSS(R)C9 while the Sq 
mean for stand was reduced by 2000 plants ha'^ In BS13(S)C3 and remained 
unchanged.In BSSS(R)C9. Grain produced per plant, therefore, has 
Increased even though the Inbreeding depression rate was unchanged. The 
frequency of favorable alleles Increased In a proportional amount, and, 
consequently, a change In Inbreeding depression was not detected (Fig. 
5). The Increase in Inbreeding depression for grams per plant in 
BSCB1(R)C9 was not accompanied by a change in the SQ mean (Table 4). The 
inbreeding depression rate for grams per plant was influenced by the 
number of plants in a plot (stand). The SQ mean for stand in BSCB1(R)C9 
was 54,000 plants/ha, a decrease of 4000 plants/ha from the BSCB1(R)C0 Sq 
mean of 58,000 plants/ha. The poorer stand In the BSCB1(R)C9 population 
may explain the increase in the inbreeding depression rate as each plant 
had to produce more grain to maintain a yield level equal to that of 
BSCB1(R)C0. 
The Inbreeding depression rate for 300-kernel weight was 7.4 grams 
in BSSSCO, 2.4 grams in BSSS(R)C9, and 9.4 grams in BS13(R)C3 (Table 5). 
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The rate of Inbreeding depression increased to 7.8 grams In BSCB1(R)C9 
from 6.8 grams in BSCB1(R)C0 (Table 8). The SQ 300-kernel weight means 
increased in BS13(S)C3 and BSCB1(R)C9 as the rate of inbreeding 
depression increased (Table 4). BS13(S)C3 and BSCB1(R)C9 must be 
segregating at more loci than BSSSCO or BSCB1(R)C0 or the allele 
frequencies were below 0.5 in the source populations and are increasing 
with selection. The decline in the inbreeding depression rate from 7.4 
grams in BSSSCO to 2.4 grams in BSSS(R)C9 seems too large to be due to 
sampling. More likely, it seems either the number of segregating loci 
for 300-kernel weight has decreased, or the frequency of favorable 
alleles was greater than 0.5 and has Increased to near 1.0 with 
selection. Three-hundred-kernel weight is the only trait in this 
experiment in which was affected differently by the selection method. 
BS26 had an inbreeding depression rate of 11.5 grams, which was 
significantly higher than the 7.4 gram inbreeding depression rate in 
BSSSCO and the 6.8 gram inbreeding depression rate in BSGB1(R)C0 (Table 
9). The SQ mean of 70.8 grams for BS26, 61.9 grams for BSSSCO, and 57.4 
grams for BSCB1(R)C0 is another indication that BS26 was a more 
productive population which is segregating at more loci affecting yield 
than either BSSSCO or BSCBICO. 
The amount of total variation in the generation means explained by 
the linear (additive) model was less for 300-kernel weight than for yield 
on either a per plot or per plant basis. BSSSCO had significant 
quadratic, cubic, and lack-of-fit mean squares, and BSCB1(R)C0 had a 
significant quadratic mean square. Three-hundred-kernel weight is a 
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function of the plant density per plot, and the ability of plants In a 
plot to compete for available light and nutrients. The significance of 
quadratic, cubic, or lack-of-fit mean squares suggests significant inter-
loci interactions, but the differences among generations are probably a 
reflection of the competitive ability of plants at lower plant densities 
to produce heavier kernels: inbreds with poorer seed set produce a 
smaller number of larger and more dense kernels. Therefore, 300-kernel 
weight per se is not a good predictor of grain yield. 
Plant Traits 
The inbreeding depression rates for stand, root lodging (X), stalk 
lodging (%), plant height, ear height, days-to-anthesis, ear-leaf width, 
and number of ears per plot decreased with selection except for ear-leaf 
width and number of ears per plot whose rates increased in BSCB1(R)C9. 
The linear model explained the changes in the means with inbreeding for 
all plant traits except root lodging (%) and stalk lodging (X), which 
were dependent on the environment for their expression. All traits were 
negatively and linearly correlated with the coefficient of inbreeding 
except day-to-anthesis. 
Highly significant (P < 0.01) differences in inbreeding depression 
rates for plant and ear height in BSSS(R)C9, BS13(S)C3, resulted from 
selection in BSSS and BSCBl. The rate of inbreeding depression for plant 
height in BSSSCO was SO.3 cm. The rate of inbreeding depression was 
reduced to 32.4 cm in BS13(S)C3 and 29.5 cm BSSS(R)C9 (Fig. 7). 
Selection has reduced the SQ mean 21.9 cm in BS13(S)C3 and 5.3 cm In 
BSSS(R)C9 (Table 4). Reciprocal recurrent selection in BSSS(R)C9 was 
Figure 7. Inbreeding depression rate in centimeters for plant and ear height from F — 0 to 
F — 1 in BSSS populations 
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either more effective In decreasing the number of segregating loci, or 
the favorable allele frequency for shorter plant height was greater In 
BSSS(R)C9 than In BS13(S)C3. The Inbreeding depression rate for plant 
height In BSCB1(R)C0 was 46.0 cm. The rate of Inbreeding depression was 
reduced to 30.8 cm In BSCB1(R)C9 (Fig. 8). The reciprocal populations 
fiSCBl(R}C9 and BSSS(R}C9 have nearly Identical rates of Inbreeding 
depression, but the SQ mean was 212.8 cm for BSSS(R)C9 and 188.3 cm for 
BSCB1(R)C9 (Table 4). Nine cycles of reciprocal recurrent selection In 
BSSS and BSCBl has reduced the plant height SQ mean 5.3 cm in BSSS(R)C9, 
and 18.3 cm in BSCB1(R)C9 (Table 4). The direct response of these 
reciprocal populations to selection is measured in the population cross. 
The nearly Identical rates of inbreeding depression in these two 
populations may be caused by the maintenance of specific favorable allele 
combinations at intermediate frequencies within each population which 
were responsible for the expression of heterosis in the population cross. 
The inbreeding depression rate for plant height was 55.6 cm in BS26, 50.3 
cm in BSSSCO, and 46.0 in BSCB1(R)C0 (Fig. 9). BS26 is a more 
heterogenous population than either BSSSCO or BSCBICO, and a greater 
number of deleterious recessive loci were expressed upon inbreeding. 
The Inbreeding depression rate for ear height was 35.3 cm in BSSSCO, 
and was reduced by selection to 19.9 cm in BS13(S)C3, and 19.8 cm in 
BSSS(R)C9 (Fig. 7). Selection reduced the SQ mean 18 cm in BS13(S)C3 and 
16.3 cm in BSSS(R)C9 (Table 4). The Inbreeding depression rate for ear 
height in BSCBl(R)C0 was 26.9 cm and was reduced by selection to 15.6 cm 
in BSCB1(R)C9 (Fig. 8). The SQ mean was reduced from 100.6 cm in 
Figure 8. Inbreeding depression rates in centimeters for plant and ear height from F - 0 to 
F — 1 in BSSS and BSCBl populations in reciprocal selection program 
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BSCB1(R)C0 to 84.4 cm In fiSCBl(R)C9. The Inbreeding depression rates for 
ear height were 34.9 cm in BS26, 35.3 cm in BSSSCO, and 26.9 cm In 
BSCB1(R)C0 (Fig. 9). BSCB1(R)C0 had fewer loci segregating for ear 
height than either BS26 or BSSSCO. 
The inbreeding depression rate for days-to-anthesls was positively 
and linearly correlated with the coefficient of inbreeding. Genes for 
later flowering are recessive to those for early flowering and are 
exposed upon initiation of inbreeding in a population. Inbred 
populations are more sensitive to environmental conditions, are less 
vigorous, and plant development is slower than nonlnbred generations. 
The inbreeding depression rate for days-to-anthesis was 3.9 days in 
BSSSCO, 4.5 days in BS13(S)C3, and 3.7 days in BSSS(R)C9 (Table 5). 
Although BS13(S)C3 was significantly later (F < 0.05) flowering than 
BSSSCO statistically, a change of less than one day has little practical 
significance and the difference could have occurred with the method of 
measuring days to flower. The 1989 and 1990 growing seasons were 
different with the populations requiring an additional 15 to 30 days to 
flower in 1990. The inbreeding depression rate for days to anthesls 
decreased significantly (F < 0.05) from 0.072 in BSCBICO to 0.052 days in 
BSCB1(R)C9 (Table 7). This reduction in the inbreeding depression rate 
was due to either an Increase in the frequency of favorable dominant 
alleles for early maturity, or a reduction in the number of segregating 
loci for maturity. The Inbreeding depression rate of 0.072 days in 
BSCB1(R)C0 was greater than the rates of 0.040 in BSSSCO and 0.053 days 
in BS26 (Table 9). BSCB1(R)C0 has a greater number of deleterious 
recessive loci for maturity than either BS26 or BSSSCO. 
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Direct selection was not practiced for plant height, ear height, and 
days-to-anthesls during the development of BS13(S)C3, BSCB1(R)C9, and 
BSSS(R)C9. The Inbreeding depression rates were reduced for these traits 
In the Improved populations except for days-to-anthesls which Increased 
significantly (P ^  0.05) In BS13(S)C3. The reductions In the Inbreeding 
depression rate were accompanied by reductions In the SQ mean for these 
traits. The correlated response to selection for Increased grain yield 
in BSSS and BSCBl has been a reduction in plant and ear height and 
earlier flowering. These are exactly the types of correlated responses 
the breeders desire: a higher yielding, shorter statuted, and earlier 
maturing population. 
The inbreeding depression rate for ear-leaf width decreased with 
selection in BSSS. The rates of Inbreeding depression declined from 1.0 
mm in BSSSCO, to 0.41 mm in BS13(S)C3, and 0.83 mm in BSSS(R)C9 (Table 
5). In BSCB1(R)C9, the inbreeding depression rate increased to 0,99 mm 
from 0.84 in BSCBl(R)CO, but the SQ mean Increased from 9.3 mm in 
BSCB1(R)C0 to 9.7 mm in BSCB1(R)C9 (Table 8). The favorable allele 
frequency for ear-leaf width must have been below 0.5 in fiSCBl(R)C0 and 
is increasing, or a greater number of loci were segregating in 
BSCBl(R)C9. In BSSS(R)C9, the Sg mean decreased 1.0 mm while the 
BS13(S)C3 SQ mean was unchanged. No clear trend is evident for a change 
in inbreeding depression rates with the change in the SQ mean for 
BS13(S)C3 and for BSSS(R)C9. 
The inbreeding depression rates for root lodging stalk lodging, and 
stand decreased in BSSS(R)C9, BS13(S)C3, and BSCB1(R)C9. The additive 
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model based on the cumulative effects of loci with dominance was 
Inadequate for explaining the variation In the generation means upon 
Inbreeding. There were significant quadratic, cubic, or lack-of-flt mean 
squares for stand In every population except BSSS(R)C9 (Table 1). The 
decline In plant density with Inbreeding Is a function In the change of 
seed germination percentage and seedling and plant survival. As a 
greater number of deleterious recessive loci or recessive lethals are 
accumulated In Individuals, the Inbreeding depression rate will increase. 
If selection was effective, the number of recessive deleterious loci 
should be reduced and the rate of Inbreeding depression should decrease. 
The Inbreeding depression rate for stand In BSSSCO Is 11.0 thousand 
plants ha'^ and was reduced to 7.5 thousand plants ha.j In BS13(S)C3 and 
6.0 thousand plants ha.j In BSSS(R)C9 (Table 5). The Inbreeding 
depression rate for stand was reduced significantly (F < 0.01) to 4.7 
thousand plants ha'^ In BSCB1(R)C9 from 14.1 thousand plants ha*^ in 
BSCB1(R)C0. The significant reductions in the Inbreeding depression 
rates for stand In BS13(S)C3, BSSS(R)C9, and BSCB1(R)C9 suggest that 
these populations produced seeds that were more viable, and seedlings 
that were more vigorous to survive tougher environmental conditions than 
the source populations. The environmental conditions under which this 
study was conducted emphasized seedling germination, growth, and survival 
because spring growing conditions were colder than normal each season. 
At the Ames and Atomic Energy research sites, the plots were damaged by 
frost both years. The inbreeding depression rate of BS26 was 7.2 
thousand plants ha*^, which was significantly lower (P < 0.01) than either 
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BSSSCO (11.0 thousand plants ha'^) or BSCB1(R)C0 (14.1 thousand plants 
ha~^) (Table 9). The Sg means for the populations were similar: 54,000 
plants ha*^  for BS26, 55,000 plants ha*^  for BSSSCO, and 58,000 plants ha'^  
for BSCB1(R)C0 (Table 4). BS26 has fewer segregating loci and a higher 
favorable allele frequency at those loci that affect seed and seedling 
survivability than either BSSSCO or BSCB1(R)C0. 
Root lodging and stalk lodging percentages are dependent on 
environmental conditions for their expression. In this study, root 
lodging was not expressed and stalk breakage was not excessive. These 
traits were negatively correlated with the coefficient of inbreeding, 
meaning that the number of plants that were root lodged or had stalks 
broken above the ear decreased as the inbreeding coefficient Increased, 
The linear (additive) model did not explain the variation among the 
generation means with inbreeding. BSSSCO was the only population, 
however, that had a significant quadratic mean square for root lodging 
(Table 1). None of the mean squares was significant in either BSCB1(R)G9 
or BSSS(R)C9. The means for root lodging and stalk lodging in this study 
were too low to be of any significant predictive value. BS26 had a 
inbreeding depression rate of 3.7 for root lodging (X) and 10.2 for stalk 
lodging (%). These inbreeding depression rates were the highest recorded 
in the study. BS26 was developed from lines and populations of 
'Lancaster Sure Crop' germplasm and 'Lancaster Sure Crop' germplasm is 
characterized by having poor root and stalk quality. 
The inbreeding depression rate for number of ears per plot decreased 
significantly (F £ 0.05) in BSSS from 10.9 ears per plot in BSSSCO to 
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9.35 ears per plot In BS13(S)C3 and a highly significant (F < 0.01) 
decrease to 6.4 ears per plot in BSSS(R)C9. Reciprocal half-sib 
selection resulted in a highly significant decline in the inbreeding 
depression rate (Table 8). The inbreeding depression rate for number of 
ears per plot in BSCB1(R)C0 was 8.4 and increased to 9.4 ears per plot in 
BSCB1(R)C9 (Table 7). The inbreeding depression rate for number of ears 
per plot was 9.3 in BS26, 11.0 in BSSSCO, and 8.4 in BSCB1(R)C0 (Table 
9). The difference in inbreeding depression rates for number of ears per 
plot for the BS26 and BSSSCO populations was highly significant (P < 
0.01). Any changes in inbreeding depression rates for ear number per 
plot were confounded by the number of barren plants and prolific plants 
in a plot. Good and Hallauer (1977) reported that the number of barren 
plants and second ears per plant were positively correlated with the 
coefficient of inbreeding (i.e., the number of barren plants and two-
eared plants increased as the inbreeding coefficient increased). 
Generally, SQ populations include plants that produce one large ear and 
have either fewer barren or more prolific plants than inbred populations. 
Inbred populations will have higher levels of barrenness if plant 
densities are higher, and a higher tendency for prolificacy if plant 
densities are lower: these factors were confounded with the inbreeding 
depression rates for ears per plot in this study. 
Ear Traits 
The rate of inbreeding depression for ear length, ear diameter, cob 
diameter, kernel-row number, and kernel depth decreased with selection in 
BSSS and BSCBl. The change in the rate of inbreeding depression was 
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negatively and linearly correlated with the coefficient of inbreeding. 
The additive genetic model based on the cumulative effects of loci with 
dominance explains essentially all of the variation among the generation 
means for all six populations for ear diameter, ear length, and kernel 
depth. The values ranged from 94.2 to 97.9% for ear length, from 86.0 
to 98.5% for ear diameter, and from 92.1 to 98.1% for kernel depth in 
five populations. BSCB1(R)C9 had an R^ of 80.3 for kernel depth (Table 
3). The inbreeding depression rates for ear diameter and ear length were 
significantly lower (P £ 0.01) in BS13(S)C3 than in BSSS(R)C9 (Table 6). 
BS13(S)C3 either has fewer segregating loci than BSSS(R)C9 or the allele 
frequency has increased beyond 0.5. . 
The rate of inbreeding depression for kernel-row number in BSSSCO 
was 1.71 mm, and decreased significantly (P £ 0.01) to 0.22 mm in 
BS13(R)C3, and 1.03 mm in BSSS(R)C9 (Table 5). However, the inbreeding 
depression rate in BSSS(R)C9 is five times greater than in BS13(S)C3. 
BS13(S)C3 has fewer segregating loci for kernel-row number or the allele 
frequency was near 1.0. The Sq mean for kernel-row number decreased from 
17.2 in BSSSCO to 14.3 in BS13(S)C3. Kernel-row number may have as few 
as two or three major loci influencing its expression (Hallauer and 
Sears, 1973). Genetic drift could fix the loci for a trait controlled by 
a smaller number of loci and may explain the substantial differences in 
inbreeding depression rats for kernel-row number in fiSSS(R)C9 and 
BS13(S)C3. 
The inbreeding depression rate for kernel-row number in BSCB1(R)C0 
was 1.59 and was reduced to 0.37 mm in BSCB1(R)C9; this difference is 
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highly significant (P ^  0.01) (Table 7). BSCB1(R)C0 had more segregating 
loci and a lower frequency of favorable alleles for kernel-row number 
than BSCB1(R)C9. The SQ mean for kernel-row number declines from 16.8 in 
BSCB1(R)C0 to 15.2 in BSCB1(R)C9 (Table 4). BS26 had a inbreeding 
depression rate of 0.99 cm for kernel-row number, which was significantly 
lower (P ^  0.01) than either BSSSGO (1.71 cm) or BSCB1(R)C0 (1.59 cm) 
(Table 9). The SQ means were 14.4 for BS26, 17.2 for BSSSGO and 16.8 for 
BSGB1(R)G0 (Table 4). BS26 had fewer segregating loci for kernel-row 
number than BSSSGO or BSCB1(R)C0. 
The Improved BSSS populations have significantly lower (P < 0.01) 
Inbreeding depression rates for ear length. The rate of inbreeding 
depression was 3.16 cm in BSSSGO, 2.14 cm in BS13(S)C3, and 2.20 cm in 
BSSS(R)G9 (Table 5). The selection method used had no effect on the 
inbreeding depression rate for ear length. The Inbreeding depression 
rate for ear length in BSGB1(R)G9 was 2.45 cm and was reduced 
significantly (P < 0.01) from 3.86 cm in BSCB1(R)G0 (Table 7). The rate 
of Inbreeding depression for ear length has been reduced substantially by 
selection in BSSS and BSGBl. Ear length is an important component of 
yield and is highly correlated with yield. Although the inbreeding 
depression rates have decreased with selection, the mean ear length was 
improved from 15.9 cm in BSSSGO to 16.3 cm in BS13(S)G3 and 17.2 cm in 
BSSS(R)G9 (Table 4). BSCB1(R)G9 did not respond in the same manner. The 
decrease in the inbreeding depression rate was accompanied by a decrease 
in the SQ mean from 17.4 cm in BSGBl(R)GO to 15.4 cm in BSGBl(R)C9 (Table 
4). This decrease in the SQ mean may be contributing to the lack-of-
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response to selection for Increased grain yield In the BSCB1(R)C9 
population. BS26 had an Inbreeding depression rate of 4.44 cm for ear 
length which was significantly (F ^  0.01) greater than the rate of 3.16 
cm for BSSSCO and 3.86 cm for BSCB1(R)C0 (Table 9). The SQ mean was 19.2 
cm for BS26, 15.9 cm for BSSSCO, and 16.8 cm for BSCB1(R)C0 (Table 4). 
BS26 must have fewer segregating loci for ear length than BSSSCO or 
BSCB1(R)C0. BS26 had the highest SQ mean for yield and ear length in 
this study. 
The rate of Inbreeding depression for ear diameter decreased with 
selection in the BSSS(R)C9 and BS13(S)C3 population. The inbreeding 
depression rate was reduced significantly (P £ 0.01) from 0.77 cm in 
BSSSCO to 0.42 cm in BS13(S)C3 and to 0.44 cm in BSSS(R)C9 (Table 6). 
The selection method used did not affect the Inbreeding depression rate 
for ear diameter in the Improved BSSS populations. The reduction in the 
inbreeding depression rate was accomplished with a nonsignificant 
decrease in the SQ mean from 4.5 cm in BSSSCO to 4.4 cm in BS13(S)C3 and 
to 4.3 in BSSS(R)C9 (Table 4). The inbreeding depression rate for ear 
diameter was reduced from 0.69 cm in BSCB1(R)C0 to 0.44 cm in BSCB1(R)C9, 
and the reduction was accompanied by a 0.3 cm reduction in the mean. If 
fewer than five major loci controlled the expression of ear diameter, the 
inbreeding depression rate was expected to decrease with selection. The 
reduction of the SQ mean and rate of inbreeding depression for ear 
diameter in the Improved populations indicate the substitution of 
favorable alleles for unfavorable alleles, and that there may be a 
selection advantage to narrower ears. The rate of Inbreeding depression 
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for ear diameter was 0.61 cm in BS26, 0.77 cm in BSSSCO, and 0.69 cm in 
BSCB1(R)C0 (Table 9). BS26 had fewer segregating loci for ear diameter 
than either BSCB1(R)C0 or BSSSCO. 
The rate of Inbreeding depression for cob diameter was reduced 
significantly (P S 0.01) in BSSS(R)C9, BS13(S)C3, and BSCB1(R)C9. The 
rate of inbreeding depression for cob diameter was reduced from 0.21 cm 
in BSSSCO to 0.11 cm in BS13(S)C3 and to 0.0 cm in BSSS(R)C9 (Table 5). 
The inbreeding depression rate of 0.0 in BSSS(R)C9 indicates that the 
biological limit for small cob size was attained, and that all loci were 
fixed for cob diameter. Cob diameter was difficult to measure precisely, 
and inbreeding depression could not be detected in our measurements. The 
inbreeding depression rate for cob diameter declines from 0.18 cm in 
BSCB1(R)C0 to 0.04 cm in BSCB1(R)C9, and the SQ mean was unchanged (Table 
7). The cob is necessary to form the Infrastructure for the developing 
embryo's and serves as a template for the developing kernels. There is a 
biological limit to how small a cob can be and still provide the 
necessary structural support for the developing kernels. The extremely 
low inbreeding depression rates of BS13(S)C3, BSSS(R)C9, and BSCB1(R)C9 
indicate these populations may be near that limit. Because the SQ mean 
was not changed, the low rates of Inbreeding depression suggest there 
were few remaining segregating loci for ear diameter in BSSS(R)C9, 
BS13(S)C3, and BSCB1(R)C9. The inbreeding depression rate for cob 
diameter 0.09 cm in BS26 was significantly (F < 0.01) lower than the rate 
of 0.21 cm in BSSSCO and 0.18 cm in BSCB1(R)C0 (Table 9). There were 
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fewer loci segregating for cob diameter in BS26 than in BSSSCO and 
BSCB1(R)C0. 
Kernel depth was calculated by subtracting the cob diameter from the 
ear diameter. The inbreeding depression rate for kernel depth, 
therefore, changes proportionally with the changes in the inbreeding 
depression rates for ear diameter and cob diameter. The Inbreeding 
depression rate of 4.91 mm in BSSSCO was reduced to 3.57 mm in BS13(S)G3 
and to 3.40 mm in BSSS(R)C9 (Table 5). The inbreeding depression rate 
for kernel depth was reduced to 3.04 mm in BSCB1(R)C9 from 4.67 mm in 
BSCB1(R)C0 (Table 7). The Sg mean was reduced 1.6 mm in BS13(S)C3, 
reduced 2 mm in BSCB1(R)C9, and increased 0.4 mm in BSSS(R)C9 (Table 3). 
Although the reduction in the Sq mean in BS13(S)C3 and BSCB1(R)C9 
suggests selection had decreased kernel depth these values are too low to 
be of any practical significance. The inbreeding depression rates for 
kernel depth were 4.63 mm in BS26, 4.91 mm in BSSSCO, and 4.67 mm in 
BSCB1(R)G0 (Table 9). These rates indicate these populations have 
similar allele frequencies, or a similar number of segregating loci. 
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GENERAL CONCLUSIONS 
Mean phenotyplc values for most plant and ear traits are reduced 
when Inbreeding Is Initiated In maize populations. The reduction In the 
mean Is frustrating for a breeder whose goal Is to develop higher 
yielding more vigorous lines. The reduction that occurs in the mean with 
inbreeding is a genetic phenomena known as inbreeding depression. It 
would be easier for the breeder to develop improved inbred lines if maize 
populations were developed that were more tolerant of inbreeding. 
Populations improved by recurrent selection for increased grain yield, 
improved root and stalk quality, and higher levels of resistance to 
disease and Insect pests should have lower rates of inbreeding depression 
for those traits than the populations from which they were developed. 
The objective of this study was to determine if recurrent selection 
in BSSS and BSCBl had been effective for developing higher yielding lines 
less affected by inbreeding depression. The objectives were threefold: 
to determine the relative Inbreeding depression rates for 16 plant and 
ear traits; to determine the relative merit of two long-term recurrent 
selection programs, (half-sib family selection followed by $2 progeny 
selection in BSSS, and reciprocal recurrent selection in BSSS and BSCBl) 
for changing inbreeding depression rates, and to determine if there has 
been any changes to the linear (additive) relationship between the 
generation means and the coefficients of inbreeding for BSSS and BSCBl 
and for their improved populations BS13(S)C3, BSSS(R)C9, and BSCB1(R)C9. 
Six populations were used In this study. The three source 
populations were BSSSCO, BSCBl(R)CO, and BS26. The three Improved 
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populations were BS13(S)C3, which Included seven cycles of half-sib 
family selection with double-cross lal3 as tester and three cycles of S2 
progeny selection, and BSSS(R)C9 and BSCB1(R)C9, which Included nine 
cycles of reciprocal recurrent selection with one another. fiSSSCO was 
developed in the 1930s by intermating 16 lines above average for stalk 
quality. BSCB1(R)G0 was developed in the 1940s by intermating 12 lines 
above average for resistance to first-generation European corn borer. 
BS26 was formed by intermating lines and populations of 'Lancaster Sure 
Crop' germplasm. BS26 was included in this study because limited 
empirical data were available for BS26. 
The population per se and seven selfed generations (Sj to Sy) formed 
by a modified single-seed descent procedure were available for each of 
the six populations, there were eight generations making 48 entries. The 
inbred lines B14 and B73 were included to make the total number of 50 
entries. The Identity of individual lines were maintained during the 
selfing process. The same lines were bulked for each generation (S^ to 
Sj) to form the eight entries for each population. Selection was not 
practiced during the inbreeding process, and great care was taken during 
the bulking of the lines to ensure the population allele frequency was 
not changed. The inbred populations were formed to estimate the primary 
parameter of interest in this study, the inbreeding depression rate. 
When the population per se and the generation means (S^ to S^) are 
regressed on the coefficient of inbreeding, the linear regression 
coefficient obtained is the inbreeding depression rate. This rate is the 
change in the mean phenotypic value for a trait that one can expect as 
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you Increase the Inbreeding coefficient from 0 to approximately 1. 
The rate of Inbreeding depression decreased with recurrent selection 
in BSSS and BSCBl for the 16 traits except grain yield in Mg ha'^ in 
BSSS(R)C9, days-to-anthesls, yield in grams per plant, and 300-kernel 
weight in BS13(S)C3, and yield in grams per plant, number ears per plot, 
300-kernel weight, and ear-leaf width in BSCB1(R)C9. BS26 had the 
highest rats of inbreeding depression of the source populations evaluated 
for eight of the 16 traits. BS26 is a high yielding, heterogenous 
population, that seems to have potential as a source of Lancaster inbred 
lines. 
In general, the effects of inbreeding in the six maize populations 
studied were in agreement with data obtained in previous maize Inbreeding 
studies: a reduction in the mean for all traits except days-to-anthesls. 
The reduction in the mean with inbreeding was greatest for grain yield on 
a per plot and per plant basis, plant height, and ear height, 
intermediate for ear diameter, ear length, number of ears per plot, 300-
kernel weight, and stand, and smaller for all other traits. The 
reduction in the mean with inbreeding was negatively and linearly 
correlated with the coefficient of Inbreeding for all traits except days-
to-anthesls which was positively and linearly correlated with the 
coefficient of inbreeding. The linear model explained nearly all of the 
variation among the generation means for yield on a per plot or per plant 
basis, plant height, ear height, ear diameter, ear length, kernel depth, 
and kernel-row number. The additive genetic model based on the 
cumulative effects of loci with dominance explains the majority of the 
121 
variation among the generation means for all 16 traits except cob 
diameter, stand, number of ears per plot, root lodging (%), and stalk 
lodging (%). 
The inbreeding depression rate for grain yield declined 0.28 Mg ha'^ 
(P ^  0.01) in BSCB1(R)C9 and 0.19 Mg ha"^ (P ^  0.05) in BS13(S)C3. 
Although significantly different from zero, the rate of the decline in 
the mean with inbreeding was basically unchanged by seven cycles of half-
sib and three cycles of S2 selection in BSSS, and nine cycles of 
reciprocal half-sib selection in BSCBl. Highly significant difference (F 
< 0.01) in inbreeding depression rates between the two selection methods 
used in BSSS (seven cycles of half-sib and three cycles of S2, and nine 
cycles of reciprocal half-sib selection) were detected for kernel-row 
number, cob diameter, number of ears per plot, days-to-anthesis, and ear-
leaf width, and significant (P < 0.05) differences occurred for stand, 
stalk lodging (%), and plant height. The rate of inbreeding depression 
for grain yield was not affected by the recurrent selection method used. 
The observed rate of inbreeding depression is a function of the 
number of segregating loci, the level of directional dominance, and the 
allele frequency. If we assume two alleles per locus and complete 
dominance, the inbreeding depression rate is maximized at an allele 
frequency of 0.5 and decreases as the allele frequency approaches 0 or 1. 
Any changes resulting either from selection in the number of segregating 
loci or allele frequency for a trait are confounded. Knowledge of the 
number of segregating loci is important for comparing inbreeding 
depression rates among populations. Estimates of these parameters were 
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not available for the populations used In this study. 
The most likely explanation for the lower rates of inbreeding 
depression in improved populations of BSSS and BSCBl is that these 
populations are segregating at fewer loci than the cycle 0 populations. 
The number of segregating loci was expected to be lower in BSSS(R)C9, 
BS13(S)C3, and BSCB1(R)C9 than in BSSSCO and BSCBICO if selection was 
effective in substituting favorable alleles for less favorable alleles 
and the initial allele frequencies were either near or greater than 0.5. 
BS13(S)C3, BSCB1(R}C9, and BSSS(R)C9 were expected to be more Inbred than 
the cycle 0 populations due to the random genetic drift of allele 
frequencies caused by the small effective population sizes used during 
selection. The inbreeding coefficient was approximately 0.30 in 
BSCBl(R)C9 and BSSS(R)C9, and 0.4 in BS13(S)C3. Inbreeding will reduce 
the number of segregating loci and reduce inbreeding depression rates. 
The inbreeding depression rates for grain yield, although lower in 
the improved populations were for practical purposes unchanged from the 
original populations. There are four possible reasons for the estimates 
of Inbreeding depression rates determined for yield in this study: yield 
was Influenced by so many loci that nine or ten cycles of selection were 
not adequate to change allele frequency enough that we could detect 
changes of inbreeding depression rates with our genetic models; the 
favorable allele frequency has increased but the number of segregating 
loci is fewer with dominance deviations at the remaining segregating loci 
in the complete to overdominant range; selection for different loci in 
different cycles of selection; and the mutation rate is in disequilibrium 
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(A — a > a — A) because of the transposable element Hg. IJg was 
present in BSSSCO and BSCB1(S)C3, but J2a became extinct by the fifth 
cycle of selection in BSSS(R). 
Inbreeding depression is maximized with an allele frequency of 0.5. 
Similar rates of inbreeding depression are expected to occur at allele 
frequencies of 0.1 and 0.9, 0.2 and 0.8, 0.3 and 0.7, and 0.4 and 0.6. 
Selection may have been effective in BS13(S)C3, BSCB1(R)C9, and BSSS(R)C9 
for increasing the frequency of favorable alleles for yield from 0.3 to 
0.7 or 0.4 to 0.6. An Increase in favorable allele frequencies of this 
magnitude would explain the improvement in the Sq mean for yield in 
BS13(S)C3 and BSSS(R)C9 while the inbreeding depression rate decreased 
slightly in BS13(S)C3 and was unchanged in BSSS(R)C9. In this study, we 
could not determine the allele frequencies, dominance deviations, and the 
number of segregating loci. A molecular study will be needed to provide 
estimates of these parameters and is planned for the future. Estimates 
of those parameters and the empirical data collected in this study may 
provide information that will enable corn breeders to better understand 
the genetic phenomena of inbreeding depression. 
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APPENDIX A: INDIVIDUAL LOCATION ANALYSIS OF VARIANCE FOR 16 TRAITS 
Table Al. Analysis of variance for Experiment 89041 at Ames in 1989 
Mean egupres 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 9.59 100 .70 17 .51 
Entries 49 32480.77** 1514 .36** 289 .26** 
BS26 7 771.67** 1378 .29** 252 .50** 
Lin 1 4801.64** 8023 .50** 952 .40** 
Quad 1 0.09 134 .81 171 .22** 
Cubic 1 77.15** 0 .02 162 .00** 
LOF 4 130.72** 372 .48** 120 .47** 
BSSSCO 7 305.15** 351 .31** 330 .28** 
Lin 1 2052.86** 2011 .20** 1722 .52** 
Quad 1 9.71 90 .48 287 .89** 
Cubic 1 33.08** 42 .53 42 .85** 
LOF 4 10.105 78 .74 64 .69** 
BSCB1(R)C0 7 455.12** 449 .57** 287 92** 
Lin 1 3050.05** 2638 .61** 1764 .60** 
Quad 1 9.02 49 .69 162 22** 
Cubic 1 7.81 2 .64 4 14 
LOF 4 29.73** 114 .02 21 13 
.BS13(S)C3 7 1031.74** 2538 .70** 379 42** 
Lin 1 7135.59** 11752 0** 1288 42** 
Quad 1 27.43** 975 04** 200 28** 
Cubic 1 0.03 413 15** 52 57** 
LOF 4 14.77 1157 70** 270 68** 
BSCB1(R)C9 7 461.67** 1522 64** 46. 79** 
Lin 1 3135.24** 10028 0 27. 63* 
Quad 1 2.97 100. 58 12. 88 
Cubic 1 44.02** 175. 35* 1. 38 
LOF 12.37 88. 96 71. 40** 
BSSS(R)C9 7 729.74** 1506. 97** 131. 92** 
Lin 1 4940.23** 100. 28** 599. 30** 
Quad 1 14.39 170. 65* 0. 66 
Cubic 1 17.06 203. 73** 9. 61 
LOF 4 34.12** 36. 52 78. 48** 
Remainder 7 1262.13 5349. 33 997. 24 
Error 147 15.313 116. 82 18. 75 
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Mean sauares 
RTLDG STLDG FH EH 
92.78 25.83 338.32 328.74 
81.55** 68.33** 1044.19* 676.81** 
21.71 31.93** 1805.53** 962.31** 
1.14 77.26** 11634.0** 6141.22** 
8.28 62.31 11.23 125.61** 
57.26** 0.92 98.32 10.07 
85.32** 83.00 895.08** 459.27 
67.35** 35.35** 675.91** 978.56** 
330.12** 131.17 4460.72** 6145.69** 
92.15 44.52 44.00 2.65 
9.90 21.54 9.16 15.63 
39.32 12.56 31.07 686.55** 
90.28** 83.35** 1222.86** 818.19** 
225.11** 274.98** 7877.11** 5129.88** 
25.82 227.79** 121.37 306.75** 
79.54** 3.66 133.82* 94.61** 
75.38** 19.27 106.92 49.02 
14.57 26.78* 883.42** 491.92** 
46.70* 3.14 5765.82** 3173.71** 
11.60 9.02 253.64** 129.51** 
15.13 2.12 103.89 61.32 
7.14 43.30** 15.16 19.72 
26.00 3.43 612.74** 496.58** 
0.90 6.83 3758.25** 2386.12** 
0.007 0.67 258.74** 253.77** 
129.36** 3.52 43.20 200.42** 
12.93 3.24 57.25 158.93** 
18.29 8.86 402.32** 369.57** 
44.61* 2.66 2620.09** 2247.78** 
0.11 2.07 5.99 32.11 
34.51 24.87* 35.96 107.79** 
12.19 8.09 38.55 49.83 
1001.09 651.31 3726.19 1850.49 
29.94 16.74 89.27 51.86 
Table Al. (Continued) 
Source df 
Means sauares 
KRN EL ED CD 
Replications 3 1.78 1.36 0.089 0.010 
Entries 49 6.49 9.13** 0.26** 0.053** 
BS26 7 1.31** 7.71** 0.125** 0.009 
Lin 1 1.75** 47.75** 0.79** 0.027** 
Quad 1 0.058 2.41** 0.03 0.0 
Cubic 1 0.016 1.11 0.03 0.02 
LOF 4 7.32** 2.73** 0.024 0.017 
BSSSCO 7 2.39** 3.15** 0.45** 0.034** 
. Lin 1 11.85** 17.42** 2.09** 0.107** 
Quad 1 2.05** O.Oll 0.217** 0.008 
Cubic 1 0.22 0.505 0.02 0.017 
LOF 2.66** 4.12** 0.23** 0.10 
BSCB1(R)C0 7 4.55** 9.16** 0.157** 0.02 
Lin 1 22.62** 59.55** 0.99** 0.083** 
Quad 1 0.34 1.94** 0.027 0.0 
Cubic 1 1.53** 0.17 0.00 0.0 
LOF 1 1.86** 0.61 0.082** 0.06 
BS13(S)C3 7 0.54 6.19** 0.23** 0.045** 
Lin 1 0.001 26.077** 0.95** 0.06 
Quad 1 0.91* 1.09* 0.08* 0.05 
Cubic 1 0.97** 5.90** 0.0 0.03 
LOF 4 0.46 2.56** 0.14* 0.04 
BSCB1(R)C9 7 0.90* 5.16** 0.039* 0.011 
Lin 1 4.63** 34.30** 0.197** 0.004 
Quad 1 0.01 0.03 0.021 0.009 
Cubic 1 0.20 0.82 0.003 0.049** 
LOF 4 0.37 0.24 0.013 0.003 
BSSS(R)C9 7 0.92* 2.95** 0.17** 0.0085 
Lin 1 5.48** 17.54** 0.67** 0.006 
Quad 1 0.44 0.29 0.23** 0.0 
Cubic 1 0.30 0.021 0.02 0.002 
LOF 4 0.06 0.70 0.07** 0.013 
Remainder 7 47.64 46.42 1.3 0.50 
Error 147 0.57 0.77 0.024 0.012 
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Mean @qvare@ 
KD ERS TKW DA ELW 
6.77 9.66 29.41 3.87 0.30 
15.72** 221.75 267.67** 46.89** 1.20** 
9.07** 77.64** 221.39** 21.71** 0.25 
46.99** 272.65** 1224.45** 115.97** 1.05** 
5.70** 15.76 117.10** 0.303 0.16 
3.20* 92.73** 0.002 13.55** 0.07 
7.61** 162.36** 208.24** 22.18** 0.47** 
22.85** 38.85* 51.3 6.78** 0.60** 
103.54** 208.73** 110.12** 36.90** 3.39** 
33.00** 11.23 26.96 0.039 0.0 
3.15* 16.88 22.09 1.56 0.06 
20.31** 8.79 50.02 2.25 0.19 
7.93** 62.78** 65.38 21.07** 0.67** 
44.18** 125.44** 192.39** 123.10** 3.33** 
3.09 13.96 70.92 14.77** 0.24 
0.48 8.74 147.44** 8.14** 0.009 
1.94 72.84** 11.73 0.37 0.28 
9.07** 164.5** 303.29** 19.36** 0.32* 
49.44** 804.39** 1427.53** 114.56** 0.008 
0.93 31.96 136.22** 12.83 0.047 
0.70 0.02 85.44** 0.08 0.154 
3.10* 78.78** 118.46** 2.0 0.51** 
8.0** 50.0** 19.58 19.14** 0.46** 
34.54** 88.02** 98.86** 63.13** 2.79** 
8.82** 20.15 16.29 26.53** 0.004 
2.11 54.10** 0.31 5.24* 0.0 
2.63 46.93** 5.42 9.77** 0.10 
10.79** 63.71** 37.70 9.14** 0.325* 
41.91** 202.07** 26.0 50.35** 0.92** 
15.16** 31.007 18.08 4.29 0.031 
2.13 3.03 0.07 6.27** 0.331* 
4.07** 52.47** 54.95 0.77 0.248 
90.17 1645.90 2317.14 306.15 10.12 
2.14 26.05 53.79 3.5 0.20 
Table A2. Analysis of variance for Experiment 89042 at Atomic Energy In 
1989 
Mean squares 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 316.76 1142 .12 80 .3 
Entries 49 463.23* 1279 .33** 123 .55** 
BS26 7 486.76* 1514 .85** 78 .79** 
Lin 1 3319.41* 10271 .0** 77 .30** 
Quad 1 33.37 28 .14 48 .17** 
Cubic 1 12.98 155 .94** 38 .70** 
LOF 4 10.39 37 .18 96 .83** 
BSSSCO 7 344.19* 766 .59** 124 .57** 
Lin 1 2350.0* 4694 .01** 611 .61** 
Quad 1 2.11 11 .44 44 .12** 
Cubic 1 39.64 346 .34** 18 .13 
LOF 4 4.40 78 .59 49 .53** 
BSCB1(R)C0 7 190.64** 236 .96** 248 .5** 
Lin 1 1304.30** 1254 12** 1049 .83** 
Quad 1 9.84 13 81 153 .89** 
Cubic 1 9.90 35 96 125 73** 
LOF 4 2.60 88 70 102 51** 
BS13(S)C3 7 444.38** 1068 83** 174 21** 
Lin 3008.06** 4572 75** 535 60** 
Quad 1 11.53 618. 26** 194 84** 
Cubic 1 1.56 295. 54** 75 15** 
LOF 4 22.37 498. 81** 103 47** 
BSCB1(R)C9 7 320.91** 645. 83** 110. 79** 
Lin 1 2144.95** 4169. 53** 331. 63** 
Quad 1 8.82 26. 50 135. 64** 
Cubic 1 0.68 61. 29 89. 39** 
LOF 4 22.99 65. 87 54. 71** 
BSSS(R)C9 7 416.6** 1213. 09** 72. 86** 
Lin 1 2205.52** 6072. 58** 79. 99** 
Quad 1 7.13 1. 76 26. 73 
Cubic 1 78.22** 416. 90** 15. 31 
LOF 4 161.58** 500. 08** 96. 99** 
Remainder 7 1036.8 3509. 08 55. 15 
Error 147 27.57 130. 10 22. 57 
135 
Mean squares 
RTLDG STLDG FH EH 
967.80 107.01 1149.25 1134.39 
302.51** 84.82** 1091.02** 677.13** 
138.29 211.14** 1561.70** 918.32** 
394.75** 1240.55** 103.58** 5937.77** 
220.50 195.13** 80.76 155.36** 
6.67 20.00 167.13** 185.61** 
86.52 5.58 81.49 37.37 
22.57 7.92 1199.12** 770.13** 
21.98 9.20 8104.19** 5103.47** 
4.83 0.97 8.28 14.13 
2.88 4.06 104.25 151.99** 
32.07 10.32 44.28 30.32 
328.0** 37.43** 1388.30** 1189.78** 
535.47** 65.71** 8877.16** 7301.88** 
34.62 17.40 93.48 25.65 
7.47** 70.77** 611.27** 638.50** 
429.61** 27.02* 34.05 68.11 
168.86 10.0 513.65** 403.57** 
176.86 1.02 3263.98** 2272.29** 
37.68 12.07 178.31** 478.36** 
624.26** 0.55 13.95 0.77 
85.80 14.09 34.83 18.40 
281.07** 1.14 386.28** 146.67** 
1.94 1.15 2595.65** 899.33** 
32.37 3.48 25.10 38.28 
279.37** 0.29 5.68 0.12 
413.37** 0.77 19.39 22.24 
109.43 17.64 873.18** 380.69** 
237.56** 103.31** 4892.38** 2374.07** 
4.37 1.40 10.28 37.51 
310.71 0.97 550.54** 112.54 
213.35 4.46 164.77** 35.17 
1069.32 308.51 1727.74 930.72 
164.63 17.72 76.89 70.15 
Table A2. (Continued) 
Mfan ggyflggg 
Source d£ KRN EL ED CD 
Replications 3 1.89 0.39 0.04 0.01 
Entries 49 6.76** 7.83** 0.24** 0.05** 
BS26 7 1.52** 10.77** 0.10** 0.039** 
Lin 1 5.68** 68.66** 0.63** 0.20** 
Quad 1 0.97* 2.36** 0.026** 0.02 
Cubic 1 0.001 0.094** 0.038** 0.0 
LOF 4 0.99* 1.07** 0.007 0,013 
BSSSCO 7 4.84** 3.99** 0.23** 0.016 
Lin 1 21.00** 23.56** 1.42** 0.046** 
Quad 1 2.75** 0.02 0.03 0.002 
Cubic 1 7.01** 0.19 0.07 0.03 
LOF 0.79 1.04** 0.04 0.009 
fiSCBl(R)CO 7 1.90** 5.34** 0.09** 0,011 
Lin 1 10.14** 32.94** 0.50** 0.01 
Quad 1 0.44 2.21** 0.077** 0,001 
Cubic 1 0.99* 0.75** 0.021** 0,006 
LOF 1 0,43 0.38 0.009 0,013 
BS13(S)C3 7 0.965* 2.94 0,079** 0,005 
Lin 1 0.333 19.15** 0.38** 0,002 
Quad 1 0.110 0.15 0,0 0,001 
Cubic 1 1.34** 0.0 0,017 0,0 
LOF 4 1.24** 0.32 0.04** 0,008 
BSCB1(R)C9 7 1.06** 4.76** 0,08** 0.02** 
Lin 1 4.75** 33.13** 0.53** 0.04** 
Quad 1 2.35** 0.03 0,0 0,0 
Cubic 1 0.02 0.68 0.0 0.02** 
LOF 0.14 0.37 0.008 0.018* 
BSSS(R)C9 7 1.22** 3.77** 0.69** 0.23** 
Lin 1 5.22** 15.20** 0,12** 0.01 
Quad 1 0.67 1.25** 0,02 0.0 
Cubic 1 1.28** 5.13** 0.05 0,03** 
LOF 4 0.35 1.20** 0,07* 0.03** 
Remainder 7 35.81 23.25 1,05 0,26 
Error 147 0.62 0.44 0,014 0.012 
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Mean squares 
KD ERS TKW DA ELW 
7.26 114.11 398.76 8.29 0.58 
10.16** 173.80** 144.23** 30.85** 1.08** 
6.79** 37.71** 65.25** 12.57** 0.77** 
31.61** 90.87** 57.71** 75.40** 4.00** 
11.64** 49.64** 16.72** 0.01 0.28* 
1.68 41.10** 4.92 0.30 0.47** 
0.64 20.60 94.36** 3.07 0.17 
13.43** 53.71** 30.89 13.64** 0.69** 
58.35** 268.95** 46.84 82.67** 4.0** 
3.20 0.11 9.68 0.07 0.0 
0.22 12.38 0.26 0.69 0.0 
8.05** 23.64 39.87 3.017 0.21 
3.14 14.57 12.15 7.71** 0.82** 
19.01** 26.51 3.51 34.98** 3.32** 
0.02 1.35 28.03 10.54** 0.46** 
0.009 3.57 5.67 0.38 0.63** 
0.74 17.64 11.95 2.03 0,34** 
6.21** 27.36 94.79** 5.64** 0.24 
33.59** 78.28** 15.95 23.82** 0.71** 
3.92** 38.20** 188.12** 1.83 0.005 
1.79 48.47** 39.67 2.23 0.04 
1.05 6.64 104.95** 2.90 0.23 
5,71** 26.21 44.61 10.29** 0.79** 
33.11** 25.96 288.54 47.13** 4.72** 
3.98** 38.31** 3.37 15.87** 0.14 
1.63 2.51 2.38 1.05* 0.05 
0.32 29.18 4.49 1.99 0.15 
3.14* 65.14** 24.38 12.28** 0.75** 
13.69** 36.78** 29.56 51.04** 3.95** 
0.98 41.12** 65.73** 0.058 0.02 
0.52 0.15 1.71 5.91 0.63** 
1.70 94.49** 18.41 7.25** 0.16 
32.67 991.92 737.63 153.77 3.50 
2,23 21.49 35.60 2.39 0.19 
Table A3. Analysis of variance for Experiment 89043 at Ankeny In 1989 
Mean squares 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 186.41 872.31 36.90 
Entries 49 347.62** 1125.54** 13.27 
BS26 7 480.05** 1475.62** 6.21 
Lin 1 3330.13** 10209.0** 34.26** 
Quad 4.60 15.22 2.16 
Cubic 1 1.89 12.68 0.978 
LOF 4 5.94 23.06 1.53* 
BSSSCO 7 297.06** 872.97** 15.36** 
Lin 1 2023.09** 5950.43** 72.30** 
Quad 1 39.44 77.40 2.90 
Cubic 1 4.44 37.59 24.42** 
LOF 4 3.11 11.33 1.97 
BSCB1(R)C0 7 136.64** 364.74** 19.42** 
Lin 1 869.60** 2160.02** 101.45** 
Quad 1 64.33** 252.48** 7.59** 
Cubic 1 2.15 4.82 0.33 
LOF 5.10 28.97 6.66 
BS13(S)C3 7 300.9** 1086.02** 18.79** 
Lin 1 1705.33** 6018.13** 0.02 
Quad 1 82.00** 595.90** 30.47** 
Cubic 1 22.02 117.61 4.67 
LOF 4 74.26** 217.62** 24.09** 
BSCB1(R)C9 7 307.64** 989.70** 3.42 
Lin 1 1982.34** 6313.37** 3.12 
Quad 1 27.51 75.50 1.08 
Cubic 1 64.33** 193.26 0.04 
LOF 4 19.83 86.44 4.94 
BSSS(R)C9 7 213.23** 795.61** 10.79 
Lin 1 1385.07** 5150.76** 11.29 
Quad 1 0.04 13.95 16.49** 
Cubic 1 3.20 0.69 4.36 
LOF 4 26.07 100.96 10.84 
Remainder 7 697.80 2294.12 18.90 
Error 147 28.79 118.25 7.86 
139 
RTLDG STLDG FH EH 
45.57 19.08 278.20 179.19 
38.00** 133.02** 764.43** 310.15 
29.07 69.43** 800.59** 405.91** 
121.27** 42.58 5092.78** 2217.81** 
31.11 237.28** 44.88 362.03** 
6.92 133.95** 86.81 67.73** 
11.05 18.05 94.92 48.45** 
1.64 34.79 1237.19** 581.90** 
2.53 54.09* 7352.79** 3758.38** 
1.11 6.38 952.27** 60.06** 
0.055 146.64** 198.04** 30.45 
1.95 9.09 39.31 55.55** 
34.20* 42.79 437.13 159.37** 
43.46** 208.28** 2720.00** 685.57** 
35.76* 58.86* 83.72 49.65** 
0.12 26.86 137.33* 213.74** 
40.04** 1.37 29.71 41.66* 
3.14 29.64 454.79** 111.46** 
3.04 0.58 2715.19 663.89** 
0.48 9.93 69.16 1.74 
3.98 66.57 155.97 29.83 
3.62 32.60 60.79 21.19 
51.14** 24.86 405.53** 103.70** 
65.46** 30.36 1981.68** 462.71** 
23.09 0.008 0.081 3.15 
32.39 1.85 320.92** 39.15* 
59.26** 35.44 134.01** 55.26** 
12.3 27.14 162.34** 78.46** 
38.52** 0.25 746.27** 473.08** 
0.93 19.81 27.31 0.87 
0.68 0.03 54.44 18.90 
11.62 42.47 77.09 14.09 
134.52 702.49 1853.42 730.55 
21.97 36.29 83.48 27.06 
Table A3. -(Continued) 
Mean squares 
Source df KRN EL ED 
Replications 3 0.159 5.92 0.03 
Entries 49 5.61** 7.56** 0.28** 
BS26 7 1.06** 7.80** 0.19** 
Lin 1 4.06** 47.82** 1.23** 
Quad 1 0.02 1.27 0.043 
Cubic 1 0.52 0.03 0.005 
LOF 4 0.69 1.37 0.008 
BSSSCO 7 4.50** 6.79** 0.60** 
Lin 1 22.57** 38.91** 3.0** 
Quad 1 3.94** 0.26 0.15** 
Cubic 1 0.18 1.28 0.14** 
LOF 4 1.20** 1.78** 0.23** 
BSCB1(R)C0 7 1.50** 5.44** 0.14** 
Lin 1 6.24** 36.18** 0.83** 
Quad 1 0.02 0.09 0.04 
Cubic 1 1.49** 0.11 0.005 
LOF 0.68 0.42 0.03 
BS13 7 0.51 3.14** 0.15** 
Lin 1 0.54 16.48** 0.85** 
Quad 1 0.024 1.31 0.0 
Cubic 1 0.47 1.48* 0.05 
LOF 4 0.63 0.68 0.03 
BSCB1(R)C9 7 0.79 1.69** 0.102** 
Lin 1 3.93** 6.81** 0.58** 
Quad 1 0.08 1.14 0.104** 
Cubic 1 0.045 0.35 0.005 
LOF 4 0.38 0.87 0.006 
BSSS(R)C9 7 1.18** 1.51* 0.11** 
Lin 1 6.46** 8.46** 0.74** 
Quad 1 0.39 0.06 0.006 
Cubic 1 1.23 0.61 0.009 
LOF 4 0.04 0.36 0.005 
Remainder 7 29.76 26,55 0.63 
Error 147 0.56 1.00 0.038 
141 
Mean squares 
CD KD ERS TKW 
0.028 4.45 100.74 23.95 
0.064** 11.98** 209.15** 133.62** 
0.23** 6.86** 82.39** 77.33** 
0.10 39.70** 445.27** 5.51 
0.02 5.98** 1.44 158.17** 
0.0 0.85 2.21 64.26* 
0.010 0.37 31.77 78.35** 
0.10** 21.43** 64.50** 30.42 
0.451** 103.86** 371.08** 139.80** 
0.006 12.34** 19.75 17.43 
0.033* 13.37** 0.44 0.15 
0.57** 5.11** 15.06 13.89 
0.022 4.29* 41.64 44.07 
0.082** 21.26** 189.40** 131.44** 
0.036** 0.44 12.71 43.37 
0.005 0.030 39.71 8.37 
0.007 2.07 12.42 31.32 
0.009 5.64** 35.9 40.60 
0.048** 33.03** 132.65** 33.26 
0.002 2.39 1.23 86.68** 
0.009 2.05 6.28 6.96 
0.0 0.51 27.84 39.33 
0.022 5.43** 115.93** 78.67** 
0.049** 23.89** 438.96** 223.00** 
0.015 2.37 0.94 235.24** 
0.08** 2.37 97.26** 10.82 
0.05 2.34 68.58** 20.40 
0.011 6.21** 25.14 22.89 
0.005 32.69** 14.72 64.85* 
0.02 1.02 1.30 0.36 
0.001 0.002 9.16 7.76 
0.01 2.45 37.71 21.84 
0.27 34.00 1098.56 664.26 
0.02 2.79 30.87 44.23 
Table A4. Analysis of variance for Experiment 89044 at Martlnsburg In 
1989 
Mean squares 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 36 .83 112.08 30 .05 
Entries 49 556 .82** 2144.95** 82 .30 
BS26 7 612 .73** 1840.85** 70 .79** 
Lin 1 4162 .60** 11776.0** 253 .57** 
Quad 1 38 .77** 209.73 26 .44 
Cubic 1 2 .27 10.15 0 .010 
LOF 4 21 .37 222.54 53 .87 
BSSSCO 7 536 .86** 2001.36** 128 .50** 
Lin 1 3627 .18** 12378.0** 445 .31** 
Quad 1 33 .59** 147.45 22 .61 
Cubic 1 56 .88** 1348.21** 180 .19** 
LOF 4 10 .10 34.04 62 .85 
BSCB1(R)C0 7 451 .35** 1096.69** 65 .07 
Lin 1 3034 .13** 7415.96** 306 .86** 
Quad 1 92 29** 100.03 21 .54 
Cubic - 1 0 82 40.71 19 .12 
LOF 8 05 30.03 26 99 
BS13(S)C3 7 327 43** 1606.87** 51 36 
Lin 1 1986 48** 9333.16** 54 39 
Quad 1 13 29 239.31 111 39 
Cubic 1 0 09 31.66 0 50 
LOF 4 73, 03** 410.99** 48 30 
BSCB1(R)C9 7 620. 00** 1834.24** 52 57 
Lin 1 4207. 52** 12165.0** 94. 53** 
Quad 1 16. 15 95.74 9. 59 
Cubic 1 21. 70 211.68 36. 87 
LOF 23. 67 91.71 56. 75 
BSSS(R)C9 7 377. 09** 1491.84** 46. 86 
Lin 1 2472. 53** 9014.40** 55. 01 
Quad 1 30. 39* 200.43 0. 0 
Cubic 1 16. 25 555.79** 72. 64* 
LOF 4 30. 12* 168.08 50. 09 
Remainder 7 972. 25 5142.82 160. 98 
Error 147 18. 92 181.65 48. 50 
143 
Mean squares 
RTLDG STLDG FH EH 
0.11 27.15 193.49 72.61 
0.47 211.64** 1271.47** 537.29** 
1.07** 45.64 1476.25** 595.74** 
0.0 164.34** 9460.81** 3744.97** 
2.65** 36.04 403.06** 98.58** 
0.57 61.45 9.20 9.15 
1.07** 14.41 115.17** 79.38** 
0.86** 53.71 1473.60** 779.59** 
0.0 38.92 96.81** 5065.60** 
0.90** 0.0 183.82** 12.43 
1.80** 297.03** 189.07** 204.04** 
0.82** 10.01 65.22 43.75** 
1.07** 80.86** 757.31** 265.57** 
2.82** 11.72 4783.51** 1479.97** 
0.002 128.86** 2.61 1.58 
2.01** 16.29 24.22 35.51 
0.67* 102.29** 122.70** 85.49** 
0.0 45.64 410.75** 164.11** 
0.0 0.0 2432.33** 802.36** 
0.0 27.48 133.65** 168.01** 
0.0 91.65** 42.25 75.58** 
0.0 50.09 66.76 25.71 
0.0 12.50 484.54** 205.09** 
0.0 4.45 2384.11** 109.83** 
0.0 1.09 353.43** 30.94 
0.0 27.68 171.25** 15.79 
0.0 13.57 120.75** 73.26** 
0.5 30.57 641.14** 312.46** 
0.23 16.30 4263.95** 2088.63** 
0.14 6.0 0.0 4.52 
0.03 115.36** 11.02 5.08 
0.77** 19.08 53.26 22.24 
0.0 1212.56 3656.72 1438.50 
0.44 45.97 60.57 40.78 
Table A5. Analysis of variance for Experiment 90041 at Ames in 1990 
Mean ggvares 
Source df YLDQH GRMS/FLT STDHA 
Replications 3 431 .85 445.09 538 .31 
Entries 49 756 .39** 2257.39** 91 .68** 
BS26 7 1112 .76** 3184.49** 150 .79** 
Lin 1 7726 .82** 22475.0** 382 .41** 
Quad 1 0 .75 0.15 78 .00** 
Cubic 1 46 .88** 92.76* 36 .78 
LOF 4 14 .91** 88.25** 139 .58** 
BSSSCO 7 722 .93** 1910.92** 134 .86** 
Lin 1 4986 .65** 12922.0** 561 .63** 
Quad 1 58 .60 330.49 103 .66** 
Cubic 1 3 .09 2.55 0 .10 
LOF 3 .04 30.40 69 .65** 
BSCB1(R)C0 7 883 .29** 2160.99** 147 .14** 
Lin 1 6099 .63** 14836.0** 684 .52** 
Quad 1 9 .34 17.27 35 .63 
Cubic 1 0 025 16.47 34 .27 
LOF 4 18 50 64.41 68 90** 
BS13(S)C3 7 618 93** . 2025.93** 24 50 
Lin 1 4093 45** 13268.0** 53 61** 
Quad 1 206 80** 852.68** 35 85 
Cubic 1 0. 0 2.16 8 77 
LOF 4 8. 06 14.65 18 32 
BSCB1(R)C9 7 555. 33** 1639.82** 54. 79** 
Lin 1 3841. 35** 11217.0** 92. 61** 
Quad 1 17. 29 168.34** 31. 76 
Cubic 1 4. 3 46.23 3. 53 
LOF 4 6. 08 11.79 63, 90** 
BSSS(R)C9 7 588. 22** 1750.06** 38. 79* 
Lin 1 398. 57** 11876.0** 112. 70** 
Quad 1 2. 22 15.62 9. 67 
Cubic 1 44. 13** 266.88** 1. 62 
LOF 4 22. 15** 23.05 36. 88 
Remainder 7 813. 35 3039.52 90. 91 
Error 147 13. 32 61.73 26. 03 
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Mean sauares 
RTLDG STLDG PH EH 
0.174 4.15 261.04 157.20 
0.207 40.22** 1114.40** 337.99** 
0.86** 63.71** 1728.41** 500.97** 
0.276** 350.76** 11437.0** 3392.80** 
0.098 0.84 331.83** 53.33 
0.17 19.34* 32.72 13.95 
1.36** 18.36* 74.22 11.68 
0 4.57 1304.59** 439.58** 
0 2.60 7832.12** 2461.74** 
0 3.43 417.26** 309.10** 
0 20.71** 37.36 22.19 
0 1.31 211.36** 71.02 
0.5** 23.93** 1620.33** 327.69 
0.28 3.82 10809.0* 1986.0** 
0.304 17.51 156.51 . 3.8 
0.38 1.02 5.15 17.44 
0.63 36.29** 92.82 71.65 
0.86** 5.71 827.35** 287.21** 
0.28 12.80 3785.61** 1361.11** 
0.097 0.01 364.22** 235.60** 
0.17 0.09 40.40 19.83 
1.36** 6.77 400.29** 98.48** 
0 7.71 384.85** 78.0 
0 1.59 2290.30** 349.82** 
0 3.06 6.22 0.09 
0 5.99 29.02 19.65 
0 10.84 92.11 44.11 
0.5** 7.36 459.04** 163.65** 
0.17 11.69 3077.14** 922.07** 
0.023 1.38 1.25 18.94 
0.079 16.20 84.54 19.28 
0.81** 5.56 12.59 46.33 
0.0 168.5 1476.26 568.79 
0.23 11.68 108.20 54.51 
Table AS. (Continued) 
Mean squares 
Source df KRN EL ED CD 
Replications 3 1.40 4.07 0.044 0.04 
Entries 49 6.71** 9.90** 0.20** 0.43** 
BS26 7 1.51** 15.6** 0.20** 0.02 
Lin 1 3.33** 102.12** 1.19** 0.027** 
Quad 1 0.39 0.19 0.02 0.007 
Cubic 1 0.53 0.55 0.003 0.05 
LOF 4 1.57** 1.59 0.04 0.017 
BSSSCO 7 2.53** 5.46** 0.16** 0.031** 
Lin 1 10.09** 36.90** 0.95** 0.096** 
Quad 1 0.016 0.12 0.0 0.001 
Cubic 1 3.18** 0.06 0.006 0.01 
LOF 4 1.09** 0.26 0.04 0.028** 
BSCB1(R)C0 7 4.07** 13.55** 0.32** 0.39** 
Lin 1 16.45** 54.89** 2.03** 0.11 
Quad 1 3.31** 0.07 0.006 0.076** 
Cubic 1 1.11** 4.91** 0.025* 0.032** 
LOF 1 1.90** 8.74** 0.04 0.013 
BS13(S)C3 7 0.74 3.88** 0.12** 0.039** 
Lin 1 4.17* 22.67** 0.77** 0.032** 
Quad 1 0.21 0.57 0.0 0.027 
Cubic 1 0.05 0.31 0.02 0.21 
LOF 4 0.19 0.90 0.16** 0.002 
BSCB1(R)C9 7 0.061 4.43** 0.11** 0.02 
Lin 1 2.84* 29.42** 0.68** 0.01 
Quad 1 0.0 0.23 0.07 0.01 
Cubic 1 0.054 0.02 0.002 0.0 
LOF 4 0.34 0.32 0.01 0.03** 
BSSS(R)C9 7 1.94** 3.08** 0.107** 0.016 
Lin 1 4.36* 15.44** 0.53** 0.02 
Quad 1 0.83 3.25** 0.18** 0.03** 
Cubic 1 0.26 0.85 0.008 0.02 
LOF 4 2.03* 0.51 0.008 0.01 
Remainder 7 35.59 23.33 0.40 0.13 
Error 147 0.64 1.37 0.017 0.015 
147 
Mean squares 
KD ERS TKW DA ELW 
3.26 324.99 74.00 108.91 0.66 
14.33** 154.15** 152.86** 26.98** 0.99** 
13.64** 115.36** 134.86** 14.21** 0.33* 
77.16** 504.49** 913.49** 56.90** 1.64** 
0.21 92.98** 6.44 0.74 0.18 
1.57 90.70** 0.36 16.32** 0.34 
4.14 29.33 5.92 6.39** 0.039 
10.29** 126.57** 60.57** 10.79** 0.81** 
62.38** 783.01** 315.33** 60.17** 4.89** 
1.15 2.81 17.10 1.03 0.03 
0.077 4.15 14.43 2.66 0.17 
2.10 24.0 19.29 2.91 0.14 
13.43** 105.07** 51.93** 43.93** 0.30 
75.63** 377.83** 287,48** 263.31** 0.50** 
0.60 7.49 36.70** 4.0 0.007 
0.0 30.88 9.42 15.76** 0.11 
4.44** 79.82** 7.47 6.11 0.37* 
10.29** 90.29** 135.93** 12.29** 0.25 
53.28** 306.04** 513.08** 50.73** 1.50** 
2.1 3.95 257.76** 2.05 0.06 
12.84** 20.49 53.61 7.86** 0.12 
0.95 75.38** 31.76 6.34* 0.015 
5.64** 22.79 17.14 10.79** 0.78** 
36.0** 12.93 114.46** 30.21** 4.32** 
0.56 9.15 0.52 29.87** 0.27 
0.0 10.96 0.83 0.89 0.32 
0.73 31.62 1.05 3.63 0.13 
7.93** 34.79 14.86 3.43 0.34* 
43.76** 119.1** 66.58** 6.84* 1.92** 
0.79 0.04 8.5 0.67 0.10 
3.71* 58.64** 0.02 3.52 0.053 
1.82 16.43 7.2 3.24 0.07 
39.13 584.22 653.71 93.46 4.15 
2.52 30.49 16.72 4.30 0.21 
Table Â6. Analysis of variance for Experiment 90042 at Atomic Energy In 
1990 
Mean squares 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 107.29 133 .96 131 .45 
Entries 49 514.17** 1574 .74** 76 .30** 
BS26 7 713.35** 2030 .8** 101 .07** 
Lin 1 4903.56** 13769 .0** 319 .21** 
Quad 1 24.43 248 .59** 120 .87** 
Cubic 1 14.13 87 .00 0 .0 
LOF 4 51.31** 110 .61 66 .85** 
BSSSCO 7 291.95** 878 .94** 88 .5** 
Lin 1 2022.85** 5945 .54** 199 .30** 
Quad 1 0.27 46 .58 94 .13** 
Cubic 1 7.33 100 .63 91 .31** 
LOF 4 3.30 14 .95 56 .69** 
BSCB1(R)C0 7 545.19** 1494 .19** 46 .86** 
Lin 1 3667.38** 10034 .0** 256 62** 
Quad 1 2.58 30 .19 6 77 
Cubic 1 9.82 38 .16 0 15 
LOF 4 136.58** 356 76** 16 12 
BS13(S)C3 7 500.81** 1572 14** 66 29** 
Lin 1 3034.83** 9087 32** 218 96** 
Quad 1 349.98** 1414 84** 48 16** 
Cubic 1 7.92 0 15 72 46** 
LOF 4 28.22* 125 65 31 11 
BSCB1(R)C9 7 413.19** 1688. 02** 33. 14 
Lin 1 2847.51** 11650. 0** 3. 16 
Quad 1 6.04 6. 94 4. 56 
Cubic 1 3.59 1. 46 36. 50 
LOF 4 35.90** 39. 44 46. 95** 
BSSS(R)C9 7 463.07** 1281. 63** 27. 93 
Lin 1 3168.69** 8005. 68** 127. 12** 
Quad 1 0.58 3. 70 0. 89 
Cubic 1 1.63 50. 16 0. 28 
LOF 4 17.65 227. 98** 16. 80 
Remainder 7 671.51 2079. 47 170. 36 
Error 147 17.44 95. 29 24. 45 
149 
Mean squares 
RTLDG STLD6 PH EH 
394.19 12.07 276.20 99.53 
53.53** 22.74** 1353.30** 454.33** 
158.57** 13.64** 1339.89** 384.20** 
892.17** 1.18 8189.90** 2213.27** 
73.72** 0.56 319.44** 209.96** 
131.00** 16.37** 13.11 0.03 
3.28 19.35** 214.20** 66.53** 
43.93 3.14 1071.12** 408.12** 
234.10** 0.54 7306.29** 2701.05** 
66.52** 7.50 91.74 13.53 
2.34 0.63 11.18 38.50 
1.16 3.33 22.16 25.94 
78.86** 28.29** 1021.37** 252.46** 
223.77** 71.60** 6442.29** 1426.32** 
13.43 30.29 13.70 5.44 
4.48 0.01 5.17 1.98 
77.58** 24.03** 172.11** 83.38 
12.5 8.0 1049.14** 404.54** 
1.57 30.81** 6561.30** 2354.53** 
65.14 6.16 47.82 61.24** 
5.30 12.33** 120.27** 92.74** 
3.87 1.67 153.64** 80.81** 
15.34 1.64 621.02** 73.64** 
31.43 0.08 4213.22** 407.72** 
19.49 0.04 39.08 29.83 
6.09 0.56 1.43 8.17 
12.62 2.71 23.36 17.45 
11.34 1.07 896.61** 296.99** 
0.08 0.43 6021.96** 1886,82** 
15.24 2.99 117.05* 30.91 
1.65 0.18 28.40 38.34 
15.63 0.97 27.22 30.71 
54.0 103.41 3473.96 1360.40 
31.75 5.90 75.91 35.17 
Table A6. (Continued) 
Mean squares 
Source df KRN EL ED CD 
Replications 3 1.64 1.84 0.13 0.009 
Entries 49 6.12** 8.86** 0.25** 0,034** 
BS26 7 0.75 10.30** 0.20** 0.022** 
Lin 1 1.91** 67.86** 1.25** 0.027** 
Quad 1 0.05 0.74 0.01 0.007 
Cubic 1 1.12* 0.70 0.01 0.052** 
LOF 0.54 0.70 0.03 0.017 
BSSSCO 7 1.82** 4.98** 0.23 0.02 
Lin 1 4.10** 32.98** 1.55** 0.07 
Quad 1 0.07 1.13 0.14 0.0 
Cubic 1 2.48** 0.07 0.0 0.0 
LOF 4 1.52** 0.17 0.007 0.016 
BSCB1(R)C0 7 1.82** 8.33** 0.23 0,046** 
Lin 1 10.24** 49.63** 1.48** 0,06 
Quad 1 0.02 2.86** 0.02 0.10** 
Cubic 1 0.40 0.42 0.01 0.09 
LOF 1 0.52 1.35* 0.017 0.02 
BS13(S)C3 7 0.26 4.29** 0.22 0,023** 
Lin 1 0.03 18.78** 1.16** 0,04 
Quad 1 0.19 0.06 0.02 0.03 
Cubic 1 0.01 0.95 0.07 0,02 
LOF 4 0.40 2.55** 0.08 0,02 
BSCB1(R)C9 7 1.88** 4.60** 0.13 0,16** 
Lin 1 2.78** 21.57** 0.64** 0,0 
Quad 1 0.74 4.28** 0.05 0,003 
Cubic 1 1.16** 1.13 0.008 0.03 
LOF 2.13** 1.31 0.06 0,02 
BSSS(R)C9 7 0.78 4.45** 0.96** 0,008 
Lin 1 0.88 26.17** 0.63** 0,010 
Quad 1 3.72** 2.43** 0.006 0,010 
Cubic 1 0.21 0.40 0.011 0.012 
LOF 0.155 0.55 0.007 0,006 
Remainder 7 35.56 25.06 1.91 0.11 
Error 147 0.66 0.93 0.023 0.012 
151 
Mean squares 
KD ERS TKW DA ELW 
9.51 36.59 149.63 2.81 0.83 
17.94** 182.89** 139.39** 45.05** 0.88** 
10.84** 116.50** 86.21** 37.64** 0.50** 
57.68** 622.57** 494.99** 186.63** 3.16* 
0.29 33.04 0.08 18.15** 0.0 
0.61 61.56 2.92 0.67 0.004 
4.32** 24.58 26.37* 14.51** 0.09 
21.07** 91.43** 53.71** 16.0** 0.25* 
141.26** 519.35** 306.19** 93.72** 0.93** 
1.07 8.75 3.13 0.006 0.16 
0.10 10.59 34.32** 0.41 0.05 
1.27 25.32 8.08 4.46 0.15 
15.33** 100.57** 90.79** 54.86** 0.74** 
90.34** 439.16** 452.90** 269.13** 2.25** 
0.26 0.55 40.52** 36.09** 0.0 
0.02 14.29 29.64** 0.58 1.55** 
4.18** 62.49** 28.11** 19.55** 0.34 
17.01** 233.14** 121.64** 14.79** 0.26** 
77.17** 1401.75** 294.93** 84.90** 0.40** 
7.04** 4.71 265.47** 5.77* 0.48** 
4.52** 74.02** 13.96 4.57 0.008 
7.60** 37.88* 69.28** 2.07 0.22 
12.19** 122.00 39.93** 43.14** 0,38** 
68.04** 713.95** 175.91** 251.48** 1.59** 
1.37 81.99** 21.28 2.20 0.31** 
0.44 24.43 4.85 1.37 0.05 
3.87* 8.41 19.37 11.74** 0.18 
8.86** 67.14** 23.36 20.50** 0.45** 
47.66** 205.44** 62.29** 122.65** 2.24** 
0.10 33.97 62.50** 1.19 0.01 
8.02** 2.71 6.71 1.0 0.14 
1.55 56.97** 7.50 4.66 0.19 
40.27 549.49 560.07 128.41 3.59 
2.45 26.27 16.39 3.82 0.16 
Table A7. Analysis of variance for Experiment 90043 at Ankeny in 1990 
Mean agvares 
Source df YLDQH GRMS/FLT STDHA 
Replications 3 216.55 1106 .036 0 .13 
Entries 49 363.23** 1433 .41** 39 .68 
BS26 7 468.75** 2527 .70** 36 .25 
Lin 1 3188.69** 16880 .0** 30 .74 
Quad 1 10.01 514 .77** 50 .46* 
Cubic 1 0.23 9 .34 17 .44 
LOF 4 20.59 72 .43 38 .78 
BSSSCO 7 558.43** 1578 .26** 41 .00 
Lin 1 3790.44** 10609 .0** 109 .89** 
Quad 1 53.64 250 .05 39 .10 
Cubic 1 10.79 1 .02 65 .49** 
LOF 4 13.54 48 .87 18 .13 
BSCB1(R)C0 7 558.11** 1378 .00** 38 .71 
Lin 1 3708.75** 8739 .35** 221 .70** 
Quad 1 94.93* 106 .56 2 .23 
Cubic 1 3.79 5 .83 3 .27 
LOF 4 24.82 186 07 10 95 
BS13(S)C3 7 124.33** 341 20** 60 57** 
Lin 1 676.49** 786 67** 202 00 
Quad 1 0.77 194 66 96 84** 
Cubic 1 48.79 313. 24 10 44 
LOF 4 36.06 273. 46 28. 68 
BSCB1(R)C9 7 291.40** 2445. 89** 44. 54 
Lin 1 1746.05** 14473 0** 56. 30** 
Quad 1 70.82 2145. 50** 190. 82** 
Cubic 1 5.50 0. 197 0. 16 
LOF 4 54.22 125. 70 16. 12 
BSSS(R)C9 7 418.92** 1296. 98** 25. 96 
Lin 1 2393.31** 7153. 11** 48. 94** 
Quad 1 1.85 161. 27 7. 05 
Cubic 1 6.08 2. 84 5. 14 
LOF 4 132.80 440. 41* 30. 15 
Remainder 7 122.76 465. 79 30. 73 
Error 147 53.58 233. 28 28. 33 
153 
RTLDG STLDG PH EH 
0.41 23.82 14.90 1098.26 
3.57 324.15** 676.74** 272.61** 
1.14 559.68** 1304.23** 532.21** 
0.14 3659.55** 8108.16** 3117.40** 
0.81 50.23 146.79 93.95 
0.00 126.50** 236.61 91.85 
1.76 20.36 152.76 105.56 
3.86 93.71** 832.72** 297.06** 
8.53** 426.02** 4789.78** 1679.15** 
2.02 28.90 0.50 34.25 
0.03 9.93 429.13** 181.31** 
4.10 47.79 152.40 46.17 
0.43 520.25** 632.24** 224.17** 
0.50 2605.30** 3392.15** 1211.39** 
0.42 604.57** 23.29 88.70** 
0.32 143.82** 82.79 43.55 
0.44 72.01 231.86* 56.39 
10.82** 120.25** 437.62** 149.89** 
5.81** 769.49** 500.67** 250.74** 
0.76 34.29 18.57 1.39 
18.56** 5.85 133.89 1.0 
12.66** 8.03 602.56** 199.03** 
1.14 25.14 322.27** 130.33** 
0.30 72.90 1973.21** 555.33** 
0.14 19.50 25.44 53.60 
0.57 21.24 3.14 0.07 
1.74 15.90 63.54 75.83* 
4.43 37.68 192.96 92.07** 
11.58** 94.00** 627.37** 597.65** 
7.78** 105.66** 305.86** 12.83 
3.38 0.53 7.16 0.02 
2.06 15.89 102.58 8.50 
3.14 912.34 1015.16 482.52 
2.85 54.62 158.76 44.81 
Table A7. (Continued) 
Mean squares 
Source df KRN EL ED 
Replications 3 0.002 2.02 0.012 
Entries 49 3.69** 5.06** 0.15** 
BS26 7 0.93 6.87** 0.18** 
Lin 1 0.83 35.81** 1.11** 
Quad 1 0.35 2.27* 0.00 
Cubic 1 0.79 1.43 0.13** 
LOF 4 1.14* 2.14 0.27** 
BSSSCO 7 1.84** 3.27** 0.18** 
Lin 1 9.71** 21.45** 1.22** 
Quad 1 0.34 0.06 0.0 
Cubic 1 0.076 0.24 0.0 
LOF 0.69 0.29 1.28** 
BSCB1(R)C0 7 1.97** 5.35** 0.10** 
Lin 1 0.019 27.16** 0.97** 
Quad 1 4.10** 0.69 0.65** 
Cubic 1 4.76** 4.36 0.61** 
LOF 1.23 1.31 0.03 
BS13 7 0.51 1.55 0.046** 
Lin 1 1.36** 5.95** 0.16** 
Quad 1 0.023 1.81 0.06 
Cubic 1 0.032 1.69 0.004 
LOF 0.54 0.36 0.02 
BSCB1(R)C9 7 1.09* 2.0 0.057** 
Lin 1 0.18 13.55** 0.34** 
Quad 1 1.30 0.12 0,0 
Cubic 1 0.07 0.16 0.029 
LOF 4 1.52** 0,05 0,007 
BSSS(R)C9 7 1.40** 2.55* 0.097** 
Lin 1 4.89** 14.31** 0.54** 
Quad 1 2.88** 0.70 0.001 
Cubic 1 0.91 0.20 0.09 
LOF 4 0.29 0.66 0.012 
Remainder 7 18.06 13.69 0.41 
Error 147 0.66 1.39 0.021 
155 
Mean ggvareg 
CD KD ERS TKW 
0.0 1.96 100.00 0.02 
0.03 8.52** 44.29 73.99** 
0.022 10.14** 22.71 97.35** 
0.04** 63.67** 5.48 545.98** 
0.02 3.20 21.09 63.80** 
0.005 0.53 49.35 42.34** 
0.02 0.90 20.77 7.34 
0.19** 6.86** 26.71 32.50** 
0.07** 45.56** 101.39** 104.35** 
0.02 0.007 16.15 37.21** 
0.002 0.64 5.82 3.43 
0.01 0.45 15.91 20.63 
0.19** 10.53** 23.96 46.75** 
0.02 50.88** 20.66 266.75** 
0.04** 10.55** 46.25 19.78 
0.0 0.0 2.22 0.0 
0.02 3.08 24.65 10.17 
0.029 1.96 10.29 37.31** 
0.027 5.90* 16.48 175.40** 
0.087** 0.51 6.36 0.16 
0.001 0.75 0.90 12.32 
0.021 1.65 12.07 18.33 
0.017 5.35 51.68 63,10** 
0.03 9.54** 234.77** 242.51** 
0.020 2.81 5.07 77.18** 
0.004 4.14 0.008 1.09 
0.02 5.24 30.48 30.24** 
0.015 5.10 38.54 11.39 
0.022 28.52** 26.53 8.81 
0.07 1.56 21.92 2.52 
0.01 3.18 26.26 9.75 
0.007 0.62 48.76 14.67 
0.091 28.78 136.14 283.62 
0.021 3.43 34.35 15.75 
Table A8. Analysis of variance for Experiment 90044 at Martlnsburg In 
1990 
Mean squares 
Source df YLDQH GRMS/PLT STDHÂ 
Replications 3 18 .60 69.41 37 .64 
Entries 49 441 .73** 1352.21** 99 .02** 
BS26 7 596 .74** 1909.97** 60 .28** 
Lin 1 4010 .81** 12251.0** 134 .38** 
Quad 1 53 .91** 298.55** 30 .70 
Cubic 1 40 .74** 65.90 25 .81 
LOF 4 17 .92 172.79** 57 .77** 
BSSSCO 7 350 .92** 1041.76** 98 .0** 
Lin 1 2346 .13** 6823.07** 266 .04** 
Quad 1 62 .11** 335.51** 87 ,45** 
Cubic 1 0 .70 15.71 139 ,46** 
LOF 11 .88 29.52 48 ,26** 
BSCB1(R)C0 7 507 79** 1349.09** 165 .43** 
Lin 3374 68** 8710.91** 650 .24** 
Quad 1 21 32 6.57 8 02 
Cubic 1 37 04** 326.03** 62 22** 
LOF 30 38** 100.02 109 38** 
BS13(S)C3 7 340 93** 964.08** 78 79** 
Lin 1 2333. 087** 5977.02** 247 41** 
Quad 1 30, 90** 453.41** 119 81** 
Cubic 1 1. 49 72.97 41 91** 
LOF 5. 25 61.29 35, 59* 
BSCB1(R)C9 7 350. 45** 1000.04** 101. 43** 
Lin 1 2511. 98** 6711.20** 281. 92** 
Quad 1 7. 35 6.63 0. 0 
Cubic 1 0. 23 14,29 7, 08 
LOF 4 23. 59* 67.04 105. 25 
BSSS(R)C9 7 264. 24** 867,99** 19. 36 
Lin 1 1752. 58** 5603.38** 46, 75** 
Quad 1 1. 18 28.52 55, 72** 
Cubic 1 28. 25** 178.64** 14. 87 
LOF 4 16. 91 66.34 4. 54 
Remainder 7 668. 18 2341.52 169. 88 
Error 147 15. 61 62.12 23. 84 
157 
Mean sauares 
RTLDG STLDG FH EH 
1.63 34.95 743.05 73.40 
4.49* 254.43** 1522.38** 580.49** 
1.64 73.07 1609.74** 739.40** 
2.87 29.98 10657.0** 4957.44** 
0.47 2.72 5.75 64.63 
0.43 0.33 77.15 2.10 
1.93 120.37** 528.00** 37.91 
4.50* 39.36 1732.59** 899.36** 
24.47** 79.22* 11707.0** 6096.63** 
3.43 24.25 90.96 10.51 
1.33 8.82 106.63 109.13** 
2.27 40.80 55.78 19.82 
6.57** 92.29** 1998.78** 538.06** 
8.06** 11.22 133.83** 3528.59** 
0.84 0.10 0.03 40.25 
19.11 159.34** 150.29** 52.54 
4.49 - 118.84** 114.63* 36.26 
2.21 113.07** 563.86** 266.72** 
2.14 32.00 3811.46** 1621.08** 
1.57 131.99** 23.77 138.09** 
0.93 15.09 28.36 3.85 
2.72 153.10** 20.86 26.00 
24.50** 18.0 780.38** 175.25** 
1.09 28.35 4772.01** 1017.99** 
6.79** 8.56 38.28 58.46 
0.031 58.45 11.68 5.76 
4.90** 7.66 160.16** 36.13 
1.07 35.36 431.42** 157.80** 
0.02 17.19 2959.69** 986.97** 
2.0 3.05 17.01 9.20 
0.0 31.31 13.55 21.91 
1.37 48.99 7.44 21.62 
11.53 1409.83 3539.86 1286.85 
2.82 54.92 76.88 49.55 
Table A8. (Continued) 
Mean squares 
Source df KRN EL ED 
Replications 3 0.18 0.11 0.011 
Entries 49 6.42** 6.61** 0.25** 
BS26 7 0.47 9.12** 0.16** 
Lin 1 2.16** 49.98** 0.93** 
Quad 1 0.77* 1.59** 0.03* 
Cubic 1 0.12 3.24** 0.004 
LOF 0.07 2.20** 0.04** 
BSSSCO 7 0.81 5.38** 0.22** 
Lin 1 1.45** 31.08** 1.37** 
Quad 2.38** 1.13* 0.02 
Cubic 1 0.06 1.04 0.003 
LOF 0.44 1.10* 0.04 
BSCB1(R)C0 7 1.3 8.69 0.27 
Lin 1 5.52** 45.67** 1.62** 
Quad 1 1.22** 1.21** 0.04** 
Cubic 1 0.01 0.02 0.03* 
LOF 0.59 3.48** 0.05* 
BS13 7 0.18 1.29** 0.091** 
Lin 1 0.49 5.15** 0.54** 
Quad 1 0.22 0.06 0.0 
Cubic 1 0.20 1.33 0.0 
LOF 0.08 0.62 0.02 
BSCB1(R)C9 7 0.31 2.16** 0.062** 
Lin 1 0.02 14.16** 0.33** 
Quad 1 1.51** 0.094 0.014 
Cubic 1 0.45 0.0 0.001 
LOF 4 0.05 0.22 0.02 
BSSS(R)C9 7 0.49 1.31** 0.08** 
Lin 1.83** 7.33** 0.39** 
Quad 1 0.17 0.02 0.0 
Cubic 1 1.0 0.03 0.03* 
LOF 0.10 0.45 0.03** 
Remainder 7 41.32 18.33 0.87 
Error 147 0.53 0.73 0.019 
159 
Mean sauares 
CD KD ERS TKW 
0.013 2.41 7.70 25.64 
0.06* 12.11** 157.36** 139.47** 
0.011 12.90** 62.79** 121.40** 
0.002 63.97** 412.75** 463.34** 
0.004 0.24 0.58 34.37** 
0.02 1.35 4.63 79.43** 
0.012 6.19* 5.39 66.67** 
0.039** 9.64** 92.57** 61.52** 
0.16** 51.93** 538.66** 277.80** 
0.005 1.35 0.79 68.79** 
0.005 2.25 9.66 11.87 
0.025 2.99 24.72 18.04 
0.046** 17.89** 165.07** 31.27** 
0.04** 115.50** 868.09** 189.90** 
0.18** 1.87 0.77 1.62 
0.029* 1.20 16.59 2.51 
0.018 1.68 67.51** 6.21 
0.009 6.79** 78.86** 53.39** 
0.010 37.04** 437.28** 242.05** 
0.008 0.28 62.78** 14.63 
0.006 0.07 43.38** 33.92** 
0.009 2.53 2.14 20.79* 
0.005 10.41** 139.93** 41.64** 
3.66** 51.82** 665.76** 141.87** 
0.007 0.40 0.66 17.03** 
0.01 0.081 7.44 2.42 
0.004 5.14** 76.43** 32.54** 
0.03** 6.79** 18.0 21.07* 
0.0 35.59** 23.11 69.80** 
0.0 0.76 79.81** 18,03 
0.03* 0.04 8.80 16,83 
0.05** 2.78 3.60 10.71 
0.28 20.24 544.30 645.99 
0.019 2.38 24.24 14,43 
Table A9. Analysis of variance for Experiment 90045 at Crawfordsvllle in 
1990 
Mean squares 
Source df YLDQH GRMS/PLT STDHA 
Replications 3 117.76 311 .84 48 .48 
Entries 49 672.16** 2599 .16* 125 .89** 
BS26 7 1188.25** 3646 .0** 198 .21** 
Lin 1 7871.64** 24991 .0** 280 .98** 
Quad 1 219.31** 375 .39 0 .77 
Cubic 1 123.75** 77 .85 597 .16** 
LOF 4 25.75 19 .40 127 .15** 
BSSSCO 7 597.83** 2278 .59** 120 .0** 
Lin 1 4080.27** 15228 .0** 388 .22** 
Quad 1 25.52 38 .08 11 .46 
Cubic 1 14.38 483 .07* 143 .46** 
LOF 4 16.17 50 .31 74 .21 
BSCB1(R)C0 7 848.16** 2344 .82** 220 .57** 
Lin 1 5762.58** 14278 .0** 924 .69** 
Quad 1 121.21** 89 .17 91 .88** 
Cubic 1 5.01 1289 55** 276 02** 
LOF 12.07 189 30 62 85 
BS13(S)C3 7 464.27** 4979 56** 25 64 
Lin 1 3012.10** 32577 0** 15 75 
Quad 1 16.89 1789 48** 16 10 
Cubic 1 55.92** 202. 93 57 76 
LOF 4 41.25 71. 78 22. 47 
BSCB1(R)C9 7 413.66** 1160. 75** 73. 14 
Lin 1 2829.34* 7408. 74** 317. 97** 
Quad 1 9.25 0. 44 3. 28 
Cubic 1 20.71 281. 89 24. 27 
LOF 4 9.07 108. 61 41. 62 
BSSS(R)C9 7 705.90** 1279. 10** 145. 64** 
Lin 1 4485.50** 8308. 0** 563. 15** 
Quad 1 136.70** 57. 21 10. 035 
Cubic 1 30.72 344. 18 56. 57 
LOF 4 72.01** 61. 08 97. 44** 
Remainder 7 487.07 406. 46 21. 72 
Error 147 31.99 318. 35 53. 23 
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Mean sauares 
RTLDG STLDG FH EH 
0.26 8.46 100.98 478.48 
0.14 146.64** 1064.16** 299.84** 
0 30.86 1713.95** 559.47** 
0 5.42 11630.0** 3285.17** 
0 13.59 202.94 287.67 
0 25.27 0.61 6.24 
0 42.93 40.98 84.30 
0.5* 36.29 1679.46** 548.97** 
0.0 154.07** 11514.0** 3697.96** 
0.74** 28.77 2.38 0.14 
1.07** 0.07 41.39 43.70 
0.42** 17.77 49.61 25.24 
0.5* 839.29** 746.09** 145.49** 
0.17 350.08** 4880.91** 872.87** 
0.023 78.53** 44.71 2.42 
0.079 6.58 3.37 54.16 
0.80** 38.07 73.40 22.24 
0 19.43 753.94** 138.31** 
0 13.11 3794.79** 436.10** 
0 48.00 83.23 0.03 
0 0.07 78.48 27.38 
0 18.70 330.26** 126.17** 
0.5* 6.86 611.32** 109.22** 
0.07 16.48 3061.84** 409.71** 
0.06 1.31 154.69 0.06 
0.82** 2.73 371.32** 254.15** 
0.63** 6.87 172.85 25.16 
0.5** 15.93 469.68** 105.68** 
0.28** 0.48 2450.81** 525.08** 
0.30 10.27 91.35 86.90 
0.39** 14.98 123.77 19.08 
0.63** 21.44 155.45 27.18 
0 833.23 1474.68 491.74 
0.15 42,15 159.81 63.02 
Table A9. (Continued) 
Mean squares 
Source df KRN EL ED 
Replications 3 5.39 0.35 0.076 
Entries 49 5.14** 10.59** 0.34** 
BS26 7 0.88 11.05** 0.37** 
Lin 1 3.81** 73.13** 2.33** 
Quad 1 0.19 0.0 0.009 
Cubic 1 0.52 0.64 0.022 
LOF 4 0.41 0.89 0.84** 
BSSSCO 7 0.97 7.48** 0.25** 
Lin 1 2.46** 45.78** 1.48** 
Quad 1 0.29 1.58 0.009 
Cubic 1 0.05 0.20 0.01 
LOF 4 1.0 1.20 0.059 
BSCB1(R)C0 7 2.72** 12.71** 0.03 
Lin 1 16.64** 64.04** 1.90** 
Quad 1 0.24 3.35 0.04 
Cubic 1 1.52** 12.59** 0.05 
LOF 0.16 2.24 0.03 
BS13 7 0.45 1.69 0.08 
Lin 1 1.41** 8.46** 0.52** 
Quad 1 0.06 1.27 0.001 
Cubic 1 0.24 0.05 0.003 
LOF 0.35 0.51 0.009 
BSCB1(R)C9 7 0.96 4.13** 0.58** 
Lin 1 0.45** 4.09** 0.87** 
Quad 1 0.5 1.60 0.07 
Cubic 1 0.0 0.18 0.06 
LOF 4 0.69 5.77** 0.77** 
BSSS(R)C9 7 1.77** 4.86** 0.11 
Lin 1 1.35** 19.11** 0.70** 
Quad 1 1.13** 4.39** 0.001 
Cubic 1 1.59** 5.80** 0.08 
LOF 2.07** 1.18 0.004 
Remainder 7 28.22 32.21 0.68 
Error 147 0.72 2.0 0.10 
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Mean squares 
CD KD ERS TKW 
0.048 9.02 36.95 57.35 
0.058** 19.80** 157.63** 122.89** 
0.034 24.86** 143.71** 118.86** 
0.05 155.89** 341.41** 760.15** 
0.0 4.69 1.88 1.56 
0.02 2.34 388.55** 5.88 
0.04 2.78 68.54** 16.10 
0.034 12.57* 121.14** 97.64** 
0.14 62.93** 766.07** 475.04** 
0.006 0.48 10.08 114.49** 
0.027 4.50 13.91 49.98** 
0.016 5.02 14.49 10.99 
0.022 33.64** 98.79** 99.36** 
0.12** 173.76** 477.06** 573.52** 
0.0 18.89** 69.98** 0.004 
0.003 39.88** 32.75 14.95 
0.008 0.74 27.93 26.76 
0.011 12.5** 96.86** 65.14** 
0.0 69.95** 136.22** 198.43** 
0.02 0.0 0.014 119.39** 
0.0 2.17 98.78** 13.35 
0.014 3.84 110.75 31.21 
0.08** 27.35** 90.21** 41.07 
0.006 3.92 342.25** 143.51** 
0.08 0.46 10.19 5.63 
0.012 0.79 127.89** 0.84 
0.11 46.58** 37.79 34.38 
0.034 11.43* 142.86** 38.2* 
0.04 54.79** 612.96** 70.81** 
0.10 8.68 9.71 2.41 
0.02 4.54 3.76 22.62 
0.02 3.0 93.39** 42.91* 
0.20 16.24 409.84 399.94 
0.037 7.68 29.89 26.33 
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APPENDIX B: ENTRY MEANS FOR 1989 AND 1990 ANALYSIS COMBINED'OVER 
LOCATIONS, AND EACH INDIVIDUAL LOCATION IN 1989 AND 1990 
Table Bl. Means for Experiment 89041 at Ames in 1989 
Entry YLDQH GRMSPLT STDHÂ RTLDG STLDG PH EH KRN 
1 Lancaster SO 62.7 114.1 56 6 11 228.4 132.6 14.5 
2 Lancaster SI 41.1 81.2 52 11 4 195.6 105.8 14.0 
3 Lancaster S2 35.8 79.6 46 4 4 177.0 89.6 14.9 
4 Lancaster S3 30.1 59.2 52 9 5 189.1 100.0 13.1 
5 Lancaster S4 31.4 71.0 45 7 5 170.3 91.5 13.6 
6 Lancaster S5 24.1 56.1 45 7 4 169.3 90.2 13.9 
7 Lancaster S6 20.0 60.8 33 6 9 164.4 88.4 13.6 
8 Lancaster S7 25.8 75.3 36 10 3 169.9 85.5 14.3 
9 BSSS CO SO 40.4 72.3 57 15 11 214.2 134.3 17.4 
10 BSSS CO SI 31.3 56.3 57 6 3 199.5 113.4 17.1 
11 BSSS CO S2 23.6 51.1 47 2 3 186.6 99.8 16.6 
12 BSSS CO S3 16.3 44.3 39 5 6 189.8 104.0 16.5 
13 BSSS CO S4 18.0 49.5 37 2 4 179.4 89.9 15.5 
14 BSSS CO S5 17.4 42.2 42 5 5 180.7 95.3 16.2 
15 BSSS CO S6 18.5 47.6 41 4 1 179.6 98.0 15.2 
16 BSSS CO S7 16.6 53.6 32 6 4 175.3 84.0 15.7 
17 BSCBl GO SO 51.6 94.5 56 20 14 213.7 122.2 17.9 
18 BSCBl CO SI 39.2 77.6 52 16 17 193.1 109.3 17.3 
19 BSCBl CO S2 29.8 69.0 45 16 14 179.2 100.9 16.2 
20 BSCBl CO S3 23.2 66.3 36 19 12 179.3 95.2 14.9 
21 BSCBl CO S4 27.8 73.0 39 15 7 177.7 93.3 16.2 
22 BSCBl CO S5 23.8 66.3 37 6 6 165.8 80.8 15.2 
23 BSCBl CO S6 20.0 58.9 35 9 4 162.5 83.1 16.3 
24 BSCBl CO S7 22.5 70.4 33 15 9 162.0 84.2 15.1 
25 BS13(S)C3 SO 67.3 125.0 55 11 3 204.9 116.7 14.5 
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EL ED CD KD ERS TKW DA ELW 
19.1 4.3 2.8 14.8 40 82.4 85 9.5 
18.3 4.1 2.7 14.0 35 78.7 89 9.3 
17.2 4.0 2.8 12.5 35 72.3 88 9.5 
15.4 4,0 2.7 12.5 35 71.0 90 8.9 
15.9 3.9 2.7 12.5 37 66.0 91 9.1 
15.8 3.8 2.7 11.3 31 60.1 89 9.0 
15.7 3.8 2.7 10.5 26 63.9 92 9.0 
15.8 3.8 2.7 10.8 30 68.7 92 8.9 
15.2 4.5 2.9 16.3 32 67.7 92 10.5 
13.9 4.3 2.7 15.8 31 64.5 93 9.9 
13.7 4.2 2.8 14.3 28 57.7 95 9.8 
12.9 3.8 2.7 12.5 23 60.4 95 9.5 
13.7 4.0 2.7 12.8 26 65.5 95 9.9 
13.2 3.8 2.7 11.5 26 65.2 94 9.3 
13.0 3.7 2.6 11.3 25 60.3 95 9.4 
12.2 3.7 2.8 9.0 25 59.3 96 9.5 
18.1 4.3 2.8 14.8 38 67.2 84 9.7 
16.6 4.1 2.7 13.8 38 55.1 86 9.5 
15.7 4.0 2.7 12.8 35 58.5 86 9.1 
14.6 3.8 2.6 12.3 30 63.0 88 9.2 
14.6 3.9 2.7 12.5 37 58.5 89 8.6 
14.6 3.8 2.6 11.8 36 56.8 90 8.5 
13.5 3.7 2.6 10.8 27 56.9 90 9.0 
14.0 3.8 2.7 10.8 34 56.5 90 8.9 
16.6 4.4 3.0 14.3 47 76.2 91 10.2 
Table Bl. (Continued) 
Entry YLDQH GRMSFLT STDHA RTLDG STLDG PH EH KRN 
26 BS13(S)G3 SI 40.8 82.7 51 6 2 189.3 104.7 14.4 
27 BS13(S)C3 S2 31.9 71.1 46 7 3 182.6 100.3 13.6 
28 BS13(S)C3 S3 24.5 56.8 44 9 3 176.1 95.0 14.5 
29 BS13(S)C3 S4 21.9 53.5 43 6 2 167.5 89.7 14.2 
30 BS13(S)C3 S5 21.7 54.2 41 5 3 165.6 85.7 14.4 
31 BS13(S)C3 S6 19.7 94.6 22 7 0 161.9 84.2 14.9 
32 BS13(S)C3 S7 23.7 58.9 42 7 9 165.3 88.7 14.4 
33 BSCB1(R)C9 SO 61.5 116.5 55 7 0 200.5 111.1 15.5 
34 BSCB1(R)C9 SI 42.9 77.8 56 3 1 177.1 94.6 15.1 
35 BSCB1(R)C9 S2 39.3 77.6 52 11 0 167.4 78.5 14.7 
36 BSGB1(R}C9 S3 36.0 67.4 55 7 1 165.8 85.5 14.1 
37 BSCB1(R)C9 S4 30.2 57.6 54 9 2 163.4 79.0 14.8 
38 BSCB1(R)C9 S5 32.6 58.8 57 7 0 167.6 85.3 14.3 
39 BSCB1(R)C9 S6 31.5 59.4 54 4 2 172.6 93.7 14.2 
40 BSCB1(R)C9 S7 28.3 64.3 46 6 2 163.0 79.3 14.6 
41 BSSS(R)C9 SO 67.5 125.1 56 8 1 215.6 116.4 18.0 
42 BSSS(R)C9 SI 48.6 101.0 49 4 4 202.1 109.9 17.2 
43 BSSS(R)C9 S2 42.3 89.2 48 8 1 193.5 98.1 16.6 
44 BSSS(R)C9 S3 35.3 86.0 42 4 2 186.8 93.0 16.6 
45 BSSS(R)C9 S4 29.1 78.4 38 4 1 191.2 90.1 16.8 
46 BSSS(R)G9 S5 31.8 74.4 44 6 4 186.7 95.7 16.7 
47 BSSS(R)G9 S6 33.1 69.0 49 4 1 192.6 97.3 16.6 
48 BSSS(R)G9 S7 26.2 66.2 41 2 4 186.4 89.2 16.9 
49 B14 22.4 74.4 31 0 0 183.7 89.9 14.0 
50 B73 42.5 81.7 53 1 0 202.2 109.6 16.0 
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EL ED CD KO ERS TKW DA ELW 
15.1 4.3 3.0 13.0 43 62.1 92 10.2 
14.8 4.1 3.0 11,3 35 56,1 94 10,0 
15.9 4.0 3.0 10.8 39 49.0 95 9.9 
13.8 4.0 2.9 10.8 33 58.1 95 10.1 
14.2 4.1 3.0 10,8 35 50.0 97 10.4 
12.8 3.6 2.7 9.3 26 62.9 97 10.6 
13.7 4.0 2.9 11,3 35 54.4 96 9.7 
17.0 4.0 2.6 14.5 53 67.9 86 10.2 
15.0 3.8 2.6 11.8 45 67.9 86 9.7 
14.7 3.8 2.7 12,0 50 64.4 87 9.5 
14.3 3.7 2.7 10.3 49 64.9 88 9.4 
14.2 3.7 2.7 10.5 42 64.8 87 9.4 
13.5 3.7 . 2.6 12,0 50 62.5 92 9.1 
13.5 3.8 2.6 11.5 48 63.7 90 9.2 
13.9 3.8 2.6 11.5 45 61.9 90 9.5 
15.9 4.5 2.8 17.3 45 77.7 87 9.2 
15.0 4.5 2.8 17,0 43 72.7 91 8.8 
14.8 4.4 2.8 15.8 44 78.2 90 9.1 
13.4 4.2 2.7 15.0 38 69.0 91 8.9 
13.9 4.2 2.8 14,5 37 74.2 91 8.7 
14,0 4.3 2.8 14.5 38 72.8 91 8.3 
13.9 4.1 2.7 14.0 43 76.7 91 8.6 
13.5 3.9 2.8 11.8 34 75.4 92 8.9 
15.8 3.9 2.7 11.3 35 84.5 93 9.9 
12.7 4.5 3.0 15.3 40 72.8 97 10.0 
Table B2. Means for Experiment 89042 at Atomic Energy In 1989 
Entry YLDQH GRMSFLT STDHA RTLDG STLDG PH EH KSN 
1 Lancaster SO 52.0 98.8 54 26 24 221.1 123.3 14.8 
2 Lancaster SI 40.8 77.8 54 12 5 193.6 104.2 13.5 
3 Lancaster S2 29.5 58.6 52 10 5 187.4 101.2 13.8 
4 Lancaster S3 26.5 48.2 56 16 4 172.4 88.3 13.0 
5 Lancaster S4 23.2 48.8 49 13 2 173.4 89.7 13.4 
6 Lancaster S5 23.0 42.7 56 13 4 172.5 84.7 13.0 
7 Lancaster S6 19.8 46.7 43 7 2 165.0 80.2 13.2 
8 Lancaster S7 23.7 50.3 49 19 4 159.4 77.7 14.1 
9 BSSS CO SO 43.0 75.7 58 8 4 218.7 128.2 17.8 
10 BSSS CO SI 26.9 49.3 56 7 3 190.0 107.3 16.5 
11 BSSS CO S2 23.5 48.3 51 2 3 178.8 100.0 17.4 
12 BSSS CO S3 20.4 44.9 47 6 1 181.8 100.9 16.1 
13 BSSS CO S4 18.9 46.6 42 9 2 171.9 93.8 15.8 
14 BSSS CO S5 15.9 32.0 51 6 2 168.7 87.7 16.0 
15 BSSS CO S6 17.0 37.7 47 5 1 168.4 87.2 14.8 
16 BSSS CO S7 14.1 32.7 44 3 5 166.9 87.7 14.7 
17 BSCBl CO SO 39.3 66.3 61 32 14 215.7 130.4 17.1 
18 BSCBl CO SI 30.2 56.0 56 31 13 186.6 94.7 16.3 
19 BSCBl CO S2 26.1 50.6 53 19 5 187.0 101.6 16.1 
20 BSCBl CO S3 23.3 47.9 50 34 10 176.7 89.1 16.1 
21 BSCBl CO S4 22.8 45.0 52 10 8 167.9 84.4 15.9 
22 BSCBl CO S5 19.7 40.9 50 22 12 166.3 80.2 15.2 
23 BSCBl CO S6 19.5 53.5 38 38 12 165.9 86.0 14.9 
24 BSCBl CO S7 19.1 49.6 39 14 8 156.4 76.2 15.5 
25 BS13(S)C3 SO 61.0 108.2 58 11 1 195.5 110.7 14.4 
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EL ED CD KD ERS TKW DÂ ELW 
19.5 4.2 2.9 13.5 36 74.0 78 10.1 
17.9 4.0 2.7 13.5 40 75.5 80 9.0 
17.0 4.0 2.7 12.5 32 69.5 82 9.3 
16.1 3.9 2.6 12.8 34 76.4 82 9.0 
15.4 3.8 2.6 11.8 32 67.7 82 8.8 
14.5 3.8 2.7 10.8 35 72.0 82 9.2 
15.2 3.7 2.6 11.0 33 65.3 84 8.9 
15.7 3.8 2.7 11.3 30 75.0 82 8.7 
15.9 4.5 2.8 16.0 37 74.2 82 10.1 
14.5 4.2 2.7 15.3 31 70.2 84 9.5 
14.1 4.1 2.8 13.3 31 72.1 86 9.5 
13.3 4.0 2.7 13.0 31 68.2 86 8.9 
14.0 4.0 2.7 13.0 25 66.5 87 9.0 
13.2 4.0 2.7 14.0 29 73.8 86 9.0 
13.7 3.8 2.6 12.0 30 72.0 88 8.9 
12.6 3.7 2.7 9.5 26 68.6 86 9.3 
17.1 4.1 2.7 14.0 35 60.6 79 9.6 
16.1 4.0 2.7 12.5 35 59.5 79 9.7 
15.4 4.0 2.7 12.3 35 57.2 80 9.1 
15.0 3.8 2.6 12.0 31 60.0 81 8.8 
14.6 3.8 2.6 11.5 34 62.2 81 8.5 
14.1 3.8 2.7 11.5 35 62.9 82 8.9 
14.4 3.7 2.6 11.5 33 60.8 81 8.5 
13.5 3.7 2.7 10.8 30 59.8 83 9.2 
16.9 4.4 2.9 15.3 46 79.2 85 10.1 
Table B2. (Continued) 
Entry YLDQH GRHSPLT STDHA RTLDG STLDG FH EH KRN 
26 BS13(S)C3 SI 45.0 81.7 57 20 4 188.9 110.5 14.7 
27 BS13(S)C3 S2 35.1 66.8 54 1 1 175.1 98.4 14.4 
28 BS13(S)C3 S3 35.6 67.8 54 3 3 174.8 95.7 14.1 
29 BS13(S)C3 S4 33.6 65.0 53 6 5 167.5 92.5 13.2 
30 BS13(S)C3 S5 28.3 62.5 46 13 2 164.1 86.1 14.4 
31 BS13(S)C3 S6 32.9 90.7 38 2 1 169.4 87.0 14.3 
32 BS13(S)C3 S7 31.2 64.6 49 10 1 166.1 86.9 14.8 
33 BSCB1(R)C9 SO 48.5 85.2 58 13 1 193.0 94.7 15.8 
34 BSCB1(R)C9 SI 37.2 66.6 57 5 2 174.8 82.7 14.3 
35 BSCB1(R)C9 S2 31.4 58.2 55 7 1 173.1 81.4 14.4 
36 BSCB1(R)C9 S3 25.1 46.7 55 28 1 164.5 77.7 14.3 
37 BSCB1(R)C9 S4 27.1 51.9 53 2 1 165.5 75.0 14.5 
38 BSCB1(R)C9 S5 27.4 53.4 53 4 1 165.2 80.3 14.2 
39 BSCB1(R)C9 S6 21.9 47.2 48 15 1 166.0 77.0 14.5 
40 BSCB1(R)C9 S7 22.2 54.3 42 9 0 164.5 79.4 14.7 
41 BSSS(R)C9 SO 54.9 102.0 55 15 7 223.6 109.0 17.6 
42 BSSS(R)C9 SI 48.4 92.2 54 3 5 213.0 103.4 17.0 
43 BSSS(R)C9 S2 28.6 52.8 55 14 4 181.4 87.4 15.8 
44 BSSS(R)C9 S3 38.2 76.9 51 5 1 191.0 86.2 16.3 
45 BSSS(R)C9 S4 31.6 64.6 50 11 2 191.1 87.1 16.5 
46 BSSS(R)C9 S5 34.2 62.4 56 4 3 191.2 87.5 16.5 
47 BSSS(R)C9 S6 34.5 65.5 54 2 1 189.9 86.0 16.1 
48 BSSS(R)C9 S7 24.0 56.7 43 4 2 183.5 81.0 16.6 
49 B14 15.4 36.3 44 4 0 167.6 84.2 12.8 
50 B73 39.4 74.9 54 15 1 180.0 99.9 16.6 
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EL ED CD KD ERS TKW DA ELW 
15.4 4.3 2.9 14.5 45 67.6 85 9.9 
15.2 4.1 2.9 12.5 45 76.1 87 10.0 
14.6 4.2 2.9 12.5 46 71.1 87 9.5 
14.3 4.0 2.9 11.5 44 72.1 87 9.5 
14.3 4.0 2.8 12.0 41 74.9 88 9.5 
14.6 4.2 2.9 13.3 40 82.2 86 9.8 
14.8 4.1 2.9 12.3 40 70.3 88 9.9 
16.7 4.0 2.7 12.5 46 73.0 79 10.1 
15.4 3.8 2.7 11.8 49 68.9 79 9.6 
14.6 3.7 2.6 11.5 45 66.7 80 9.5 
13.6 3.6 2.5 10.5 45 66.9 81 9.2 
13.5 3.7 2.7 10.0 46 63.7 82 9.0 
13.6 3.6 2.6 9.8 48 63.2 81 8.8 
13.9 3.6 2.6 9.8 41 64.8 83 8.8 
14.0 3.6 2.6 10.3 43 63.6 83 9.2 
15.9 4.3 2.8 15.3 44 73.3 80 9.4 
16.4 4.4 2.9 15.3 47 70.5 81 8.7 
13.7 4.0 2.7 12.8 41 70.4 83 8.7 
14.6 4.3 2.9 14.0 45 74.9 85 8.6 
14.2 4.2 2.9 13.8 43 76.3 83 8.6 
14.3 4.2 2.9 12.5 45 77.1 82 8.5 
14.5 4.1 2.9 12.8 45 72.8 83 8.2 
13.8 4.1 2.8 13.0 34 74.6 85 7.9 
16.7 3.7 2.7 10.0 33 78.6 86 9.6 
12.0 4.4 3.0 14.3 44 79.2 87 9.3 
Table B3. Means for Experiment 89043 at Ankeny in 1989 
Entry YLDQH GRMSFLT STOHA RTLDG STLDG PH EH 
1 Lancaster SO 47.3 85 .2 57 10 14 198.9 105.5 
2 Lancaster SI 30.5 56 .0 56 3 24 177.7 78,6 
3 Lancaster S2 23.7 43 .9 55 4 18 169.4 82.5 
4 Lancaster S3 17.3 32 .3 55 2 10 156.4 76,4 
5 Lancaster S4 16.7 31 .0 55 6 14 157.3 74.6 
6 Lancaster S5 17.8 33 .6 54 2 13 166.6 81.7 
7 Lancaster S6 16.4 32 .0 53 3 14 159.3 75.7 
8 Lancaster S7 15.9 30 .2 54 3 15 162.9 77.3 
9 BSSS CO SO 36.9 65 .1 59 3 15 201.7 109.6 
10 BSSS CO SI 21.6 40 .8 54 2 10 200.2 99.8 
11 BSSS CO S2 16.3 30 .1 56 2 16 175.7 83.8 
12 BSSS CO S3 12.5 23 .4 55 2 15 170.4 84.2 
13 BSSS CO S4 12.0 23 .1 54 2 10 160.7 82.2 
14 BSSS CO S5 12.2 22. 3 55 1 9 158.7 75.1 
15 BSSS CO S6 12.4 23. ,9 53 2 11 164.3 81.7 
16 BSSS CO S7 13.4 25. 8 53 3 9 160.2 75.4 
17 BSCBl CO SO 33.5 59, 4 58 8 29 179.4 85.3 
18 BSCBl CO SI 21.2 38. 0 57 10 19 173.8 86.9 
19 BSCBl CO S2 18.7 35. 3 55 6 21 161.1 75.4 
20 BSCBl CO S3 16.4 31. 6 53 7 21 152.6 70.0 
21 BSCBl CO S4 15.7 29. 8 54 10 20 153.2 73.1 
22 BSCBl CO S5 16.3 31. 2 54 3 19 158.3 79.0 
23 BSCBl CO S6 17.4 33. 4 54 7 20 152.6 71.6 
24 BSCBl CO S7 18.4 36. 7 51 2 20 153.6 73.5 
25 BS13(S)C3 SO 49.1 93. 5 54 2 12 191.0 93.0 
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KRN EL ED CD KD ERS TKW 
14.5 17.0 4.2 2.7 14.3 41 66.2 
13.7 15.5 4.0 2.7 14.0 35 61.7 
13.6 15.3 3.8 2.6 12.0 35 63.1 
13.5 13.4 3.8 2.6 12.3 28 61.5 
14.1 13.2 3.7 2.6 10.8 31 61.1 
13.4 13.9 3.6 2.5 11.0 33 65.3 
12.8 13.7 3.6 2.6 10.8 30 64.7 
13.3 13.1 3.6 2.5 10.8 27 74.6 
17.6 14.3 4.3 2.7 16.3 34 64.6 
17.1 12.5 4.1 2.6 15.5 26 63.9 
17.0 12.0 3.9 2.5 13.8 26 60.3 
15.9 10.3 3.3 2.3 10.3 21 61.5 
15.0 10.9 3.5 2.4 11.0 24 60.1 
14.8 10.5 3.2 2.2 10.5 22 57.7 
15.2 11.1 3.5 2.4 11.8 23 60.7 
15.8 11.8 3.7 2.5 11.5 25 56.5 
16.6 15.9 4.1 2.7 13.3 38 48.8 
15.5 14.1 3.7 2.5 12.0 34 48.1 
16.1 13.6 3.7 2.5 11.8 31 49.0 
15.8 12.5 3.5 2.5 10.3 28 53.6 
14.7 12.6 3.7 2.6 10.8 30 56.4 
15.1 12.6 3.6 2.5 11.0 30 55.3 
15.1 13.0 3.5 2.5 9.8 30 54.5 
15.4 12.7 3.6 2.5 10.8 34 50.1 
14.4 15.4 4.4 2.8 15.8 45 68.1 
Table B3. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH 
26 BS13(S)C3 SI 34.6 63.2 56 2 12 176 .7 87.1 
27 BS13(S)C3 S2 27.7 48.8 58 0 12 163 .5 81.2 
28 BS13(S)C3 S3 22.1 41.3 55 1 19 158 .5 77.1 
29 BS13(S)C3 S4 30.1 57.3 54 2 13 165 .7 82.1 
30 BS13(S)C3 S5 31.8 57.6 57 0 12 168 .6 79.5 
31 BS13(S)C3 S6 24.5 49.8 51 2 10 163 .0 81.7 
32 BS13(S)C3 S7 23.6 44.2 56 1 11 160 .8 77.7 
33 BSCB1(R)C9 SO 39.7 72.3 56 11 10 .172 .6 80.5 
34 BSCB1(R)C9 SI 33.2 60.3 56 3 9 166 .2 75.6 
35 BSCB1(R)C9 S2 22.4 41.0 56 11 5 152 .3 70.0 
36 BSCB1(R)C9 S3 16.4 30.2 56 3 10 148 .5 69.7 
37 BSCB1(R)C9 S4 19.7 37.4 54 2 9 147, .4 66.7 
38 BSCB1(R)C9 S5 20.2 38.1 54 8 8 144, ,5 66.7 
39 BSCB1(R)C9 S6 15.8 29.1 • 56 7 8 160. 8 75.8 
40 BSCB1(R)C9 S7 16.6 30.3 56 5 3 150. 1 67.8 
41 BSSS(R)C9 SO 45.6 85.1 55 6 8 189. 7 92.5 
42 BSSS(R)C9 Si 34.7 63.1 57 4 6 187. 7 88.6 
43 BSSS(R)C9 S2 32.0 55.2 60 2 5 179. 5 83.4 
44 BSSS(R)C9 S3 25.1 45.3 57 4 8 174. 1 79.6 
45 BSSS(R)C9 S4 30.0 55.1 56 2 11 182. 2 83.8 
46 BSSS(R)C9 S5 25.0 44.9 57 5 3 175. 5 83.0 
47 BSSS(R)C9 S6 23.8 41.9 59 1 7 171. 6 80.5 
48 BSSS(R)C9 S7 25.9 47.7 56 2 10 179. 9 80.7 
49 B14 20.1 35.8 57 0 0 167. 8 73.8 
50 B73 29.1 51,6 58 1 6 175. 6 88.7 
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KRN EL ED CD KD ERS TKW 
14.6 14.1 4.2 2.8 13.8 40 60.6 
13.8 13.0 4.0 2.7 12.5 42 62.5 
14.0 12.6 3.8 2.7 11.8 37 60.5 
14.4 13.5 4.0 2.7 12.5 38 68.7 
14.1 13.7 4.0 2.7 12.5 42 62.5 
14.5 12.9 3.9 2.7 12.8 39 61.7 
13.6 13.2 3.9 2.7 12.5 36 64.0 
15.5 12.8 3.9 2.6 13.0 50 64.1 
14.7 12.8 3.9 2.7 11.8 48 69.5 
14.7 12.3 3.7 2.5 9.3 41 64.5 
14.5 11.6 3.6 2.5 11.3 36 58.4 
14.5 11.6 3.6 2.5 11.3 38 62.1 
13.9 11.4 3.6 2.5 11.0 47 57.8 
14.4 11.1 3.5 2.5 10.5 39 59.5 
14.7 12.3 3.5 2.6 9.3 38 56.0 
17.2 13.7 4.4 2.7 16.3 44 62.1 
17.2 13.3 4.1 2.6 15.0 41 63.7 
16.3 12.5 4.0 2.6 14.3 44 63.6 
15.9 12.1 4.0 2.6 13.5 39 67.3 
15.9 12.3 4.0 2.7 12.8 45 68.0 
16.0 12.3 3.9 2.7 12.3 42 68.5 
16.2 12.7 3.9 2.6 13.5 38 64.3 
16.1 11.9 3.9 2.6 13.0 43 63.9 
14.2 14.7 3.8 2.5 12.8 30 73.7 
16.8 11.6 4.2 2.8 14.0 40 58.4 
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Table B4. Means for Experiment 89044 at Martlnsburg In 1989 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH 
1 Lancaster SO 56.4 107.3 54 0 19 219.5 111.6 
2 Lancaster SI 35.0 68.3 53 1 16 204.8 98.6 
3 Lancaster S2 26.4 57.8 48 1 18 187.3 93.0 
4 Lancaster S3 25.1 52.8 49 0 17 181.9 87.0 
5 Lancaster S4 23.4 50.4 48 0 11 168.2 77.4 
6 Lancaster SS 17.2 35.9 49 0 14 171.1 79.0 
7 Lancaster S6 20.7 55.9 40 0 10 164.2 75.9 
8 Lancaster S7 21.5 46.9 48 1 12 175.8 85.0 
9 BSSS CO SO 48.6 99.5 52 0 13 231.1 126.6 
10 BSSS CO SI 26.1 49.6 54 1 21 216.3 114.1 
11 BSSS CO S2 21.8 57.4 41 0 11 194.6 96.2 
12 BSSS CO S3 18.0 46.0 42 0 13 182.9 89.1 
13 BSSS CO S4 17.5 44.4 . 41 0 18 182.8 91.2 
14 BSSS CO S5 16.3 35.5 47 1 18 187.5 95.7 
15 BSSS CO S6 13.3 29.5 46 0 20 183.4 91.1 
16 BSSS CO S7 11.4 32.0 38 0 18 176.6 87.4 
17 BSCBl CO SO 47.0 85.8 56 1 20 208.1 102.1 
18 BSCBl CO SI 27.5 58.4 48 1 27 188.3 90.4 
19 BSCBl CO S2 20.5 46.9 45 0 23 181.1 87.1 
20 BSCBl CO S3 18.7 39.2 49 0 28 178,2 86.7 
21 BSCBl CO S4 17.1 36.6 48 0 31 174.8 85.7 
22 BSCBl CO S5 18.8 41.3 47 0 19 162.1 74.4 
23 BSCBl CO S6 18.7 42.4 46 1 19 170.3 79.0 
24 BSCBl CO S7 15.4 38.0 42 0 23 175.4 84.8 
25 BS13(S)C3 SO 56.0 130.2 46 0 12 200.6 96.6 
178 
Table B4. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH 
26 BS13(S)C3 SI 45.4 91.4 51 0 13 195.9 99.3 
27 BS13(S)C3 S2 39.7 92.7 44 0 5 182.9 87.4 
28 BS13(S)C3 S3 32.2 70.2 48 0 14 181.5 86.9 
29 BS13(S)C3 S4 36.9 80.6 47 0 9 174.9 83.8 
30 BS13(S)C3 S5 33.5 78.5 45 0 10 180.5 86.7 
31 BS13(S)C3 S6 25.3 64.7 39 0 12 170.7 80.5 
32 BS13(S)C3 S7 34.1 85.7 43 0 16 178.8 85.0 
33 BSCB1(R)C9 SO 53.2 101.5 54 0 3 195.1 91.4 
34 BSCB1(R)C9 SI 32.8 61.4 55 0 6 176.4 81.0 
35 BSCB1(R)C9 S2 26.8 54.4 51 0 3 163.1 74.0 
36 BSCB1(R)C9 S3 21.0 46.7 46 0 4 164.3 72.1 
37 BSCB1(R)C9 S4 23.8 44.5 55 0 4 168.0 75.6 
38 BSCB1(R)C9 S5 20.6 48.1 46 0 3 167.0 74.3 
39 BSCB1(R)C9 S6 17.7 37.7 50 0 8 177.1 78.8 
40 BSCB1(R)G9 S7 16.1 32.6 51 0 4 162.5 67.5 
41 BSSS(R)C9 SO 53.0 104.1 53 0 6 233.0 113.2 
42 BSSS(R)C9 SI 43.8 94.4 48 0 12 215.3 99.8 
43 BSSS(R)C9 S2 32.5 64.4 52 0 7 208.4 94.7 
44 BSSS(R)C9 S3 30.3 62.3 50 0 6 200.7 89.6 
45 BSSS(R)C9 S4 29.3 60.4 50 0 10 195.0 87.8 
46 BSSS(R)C9 S5 22.2 49.1 47 1 6 195.8 86.5 
47 BSSS(R)C9 S6 28.2 55.2 53 0 12 201.5 92.0 
48 BSSS(R)C9 S7 27.0 66.0 43 0 11 200.7 88.9 
49 B14 24.4 63.5 42 0 0 187.6 79.2 
50 B73 38.5 78.2 51 0 3 209.5 102.6 
Table B5. Combined data means for 1989 experiments 
Entry YLDQH H20 STDHA RTLDG STLDG PH EH 
1 Lancaster SO 54.6 15 .6 55 5 8 217.0 118.3 
2 Lancaster SI 36.8 15 .5 54 3 6 192.9 96.8 
3 Lancaster S2 28.9 15 .6 50 2 5 180.2 91.6 
4 Lancaster S3 24.8 14 .6 53 3 4 174.9 87.9 
5 Lancaster S4 23.8 14 .1 49 3 4 167.3 83.3 
6 Lancaster S5 20.6 14 .1 51 2 4 169.8 83.9 
7 Lancaster S6 19.3 13 .5 42 1 3 163.2 80.0 
8 Lancaster S7 21.8 14 .8 47 3 4 167.0 81.3 
9 BSSS CO SO 42.1 16 .6 56 3 5 216.4 124.7 
10 BSSS CO SI 26.4 16 .3 55 2 4 201.5 108.6 
11 BSSS CO S2 21.3 15 .6 49 1 4 183.9 95.0 
12 BSSS CO S3 16.8 15 9 45 1 4 181.2 94.5 
13 BSSS CO S4 16.6 15 0 44 1 3 173.7 89.3 
14 BSSS CO S5 15.5 14 6 49 1 5 173.9 88.5 
15 BSSS CO S6 15.3 14 8 47 1 3 173.9 89.5 
16 BSSS CO S7 13.9 16. 1 42 1 5 169.7 83.6 
17 BSCBl CO SO 43.1 13. 5 58 8 9 204.2 110.0 
18 BSCBl CO SI 29.7 13. 2 53 7 8 185.4 95.3 
19 BSCBl CO S2 23.9 13. 7 50 4 7 177.1 91.2 
20 BSCBl CO S3 20.6 12. 4 47 6 7 171.7 85.3 
21 BSCBl CO S4 20.9 14. 6 48 4 7 168.4 84.1 
22 BSCBl CO S5 19.7 13. 7 47 3 6 163.1 78.6 
23 BSCBl CO S6 19.0 13. 1 43 4 5 162.8 79.9 
24 BSCBl CO S7 19.0 12. 9 41 2 6 161.8 79.7 
25 BS13(S)C3 SO 58.2 16. 5 53 3 3 198.0 104.3 
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KRN EL ED CD KD ERS TKW DA ELW 
14.6 18.5 4.2 2.8 14 39 74.2 81 9.8 
13.7 17.2 4.1 2.7 14 37 72.0 84 9.2 
14.1 16.5 3.9 2.7 12 34 68.3 85 9.4 
13.2 15.0 3.9 2.6 13 32 69.7 86 8.9 
13.7 14.8 3.8 2.7 12 33 64.9 86 8.9 
13.5 14.7 3.8 2.6 11 33 65.8 86 9.1 
13.2 14.8 3.7 2.6 11 30 64.6 88 9.0 
13.9 14.9 3.7 2.6 11 29 72.7 87 8.7 
17.6 15.1 4.4 2.8 16 34 68.8 87 10.3 
16.9 13.6 4.2 2.7 16 29 66.2 88 9.7 
17.0 13.3 4.1 2.7 14 28 63.4 90 9.6 
16.2 12.2 3.7 2.6 12 25 63.4 90 9.2 
15.4 12.9 3.8 2.6 12 25 64.0 91 9.4 
15.7 12.3 3.6 2.5 12 25 65.6 90 9.1 
15.1 12.6 3.7 2.5 12 26 64.3 91 9.1 
15.4 12.2 3.7 2.7 10 25 61.5 91 9.4 
17.2 17.0 4.1 2.7 14 37 58.9 81 9.7 
16.3 15.6 3.9 2.7 13 36 54.2 83 9.6 
16.2 14.9 3.9 2.6 12 33 54.9 83 9.1 
15.6 14.0 3.7 2.6 12 30 58.9 85 9.0 
15.6 13.9 3.8 2.6 12 33 59.0 85 8.6 
15.1 13.8 3.8 2.6 11 34 58.3 86 8.7 
15.5 13.6 3.7 2.6 11 30 57.4 86 8.8 
15.3 13.4 3.7 2.6 11 32 55.5 87 9.1 
14.4 16.3 4.4 2.9 15 46 74.5 88 10.2 
Table fiS. (Continued) 
Entry YLDQH H20 STDHA RTLDG STLDG PH EH 
26 BS13(S)C3 SI 41.3 16.4 54 3 4 187.7 100.4 
27 BS13(S)C3 S2 33.6 15.9 50 1 2 176.0 91.8 
28 BS13(S)C3 S3 28.7 15.0 50 1 4 172.7 88.7 
29 BS13(S)C3 S4 30.7 15.1 49 1 3 168.9 87.0 
30 BS13(S)C3 S5 28.8 15.3 47 2 3 169.7 84.5 
31 BS13(S)C3 S6 25.7 15.2 38 1 2 166.2 83.4 
32 BS13(S)C3 S7 28.3 14.6 47 2 4 167.7 84.6 
33 BSCB1(R)C9 SO 51.2 12.7 56 4 2 190.3 94.4 
34 BSCB1(R)C9 SI 36.8 13.1 56 1 2 173.6 83.5 
35 BSCB1(R)C9 S2 30.1 13.6 54 3 1 164.0 76.0 
36 BSCB1(R)C9 S3 24.8 13.3 53 4 2 160.8 76.3 
37 BSCB1(R)C9 S4 25.4 12.8 54 2 2 161.1 74.1 
38 BSCB1(R)C9 S5 25.4 12.6 52 2 1 161.1 76.7 
39 BSCB1(R)C9 S6 21.8 14.3 52 3 2 169.1 81.3 
40 BSCB1(R)C9 S7 20.9 12.9 49 2 1 160.0 73.5 
41 BSSS(R)C9 SO 54.9 17.5 55 4 2 215.5 107.8 
42 BSSS(R)C9 SI 43.6 17.3 52 1 3 204.5 100.4 
43 BSSS(R)C9 S2 33.6 17.8 54 3 2 190.7 90.9 
44 BSSS(R)C9 S3 32.2 16.1 50 1 2 188.1 87.1 
45 BSSS(R)C9 S4 29.9 16.1 48 2 3 189.9 87.2 
46 BSSS(R)C9 S5 28.2 16.6 51 2 2 187.3 88.2 
47 BSSS(R)C9 S6 29.8 16.8 54 1 2 188.9 88.9 
48 BSSS(R)C9 S7 25.7 16.6 46 1 3 187.6 84.9 
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KRN EL ED CD KD ERS TKW DA ELW 
14.6 14.9 4.2 2.9 14 42 63.4 89 10.0 
13.9 14.3 4.1 2.9 12 40 64.9 90 10.0 
14.2 14.4 4.0 2.8 12 41 60.2 91 9.7 
13.9 13.8 4.0 2.8 12 38 66.3 91 9.8 
14.3 14.0 4.0 2.9 12 39 62.5 92 10.0 
14.5 13.4 3.9 2.8 12 35 69.0 91 10.2 
14.3 13.9 4.0 2.8 12 37 62.9 92 9.8 
15.6 15.5 4.0 2.6 13 49 68.4 82 10.1 
14.7 14.4 3.9 2.7 12 47 68.8 83 9.7 
14.6 13.9 3.8 2.6 11 45 65.2 83 9.5 
14.3 13.2 3.6 2.6 11 43 63.4 84 9.3 
14.6 13.1 3.7 2.6 11 42 63.5 84 9.2 
14.1 12.8 3.6 2.6 11 48 61.2 86 8.9 
14.4 12.8 3.6 2.6 11 42 62.7 86 9.0 
14.7 13.4 3.6 2.6 10 42 60.5 87 9.4 
17.6 15.2 4.4 2.8 16 44 71.1 83 9.3 
17.1 14.9 4.4 2.8 16 43 69.0 86 8.8 
16.2 13.7 4.1 2.7 14 43 70.7 86 8.9 
16.2 13.4 4.2 2.7 14 41 70.4 88 8.7 
16.4 13.5 4.2 2.8 14 42 72.8 87 8.6 
16.4 13.5 4.1 2.8 13 41 72.8 86 8.4 
16.3 13.7 4.1 2.7 13 42 71.3 87 8.4 
16.5 13.1 4.0 2.7 13 37 71.3 88 8.4 
Table B6. Means for Experiment 90041 at Ames in 1990 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH KRN 
1 Lancaster SO 65.4 122.0 55 0 14 226.0 104.8 14.9 
2 Lancaster SI 39.3 76.6 53 0 11 204.1 91.8 13.8 
3 Lancaster S2 32.0 65.0 51 1 5 192.8 83.8 14.0 
4 Lancaster S3 23.3 51.4 46 0 7 182.4 82.0 14.3 
5 Lancaster S4 21.1 41.1 53 0 3 169.9 74.4 13.1 
6 Lancaster S5 18.8 37.6 51 0 2 166.7 74.3 14.5 
7 Lancaster S6 17.3 46.5 37 0 6 174.4 74.6 13.2 
8 Lancaster S7 15.9 38.3 43 1 6 169.5 72.7 14.0 
9 BSSS CO SO 50.8 90.9 57 0 5 217.2 103.5 17.8 
10 BSSS CO SI 28.2 51.1 56 0 4 205.2 100.5 16.5 
11 BSSS CO S2 17.3 33.6 53 0 6 193.5 92.7 16.6 
12 BSSS CO S3 15.0 34.0 45 0 6 170.6 79.2 16.6 
13 BSSS CO S4 14.2 31.3 47 0 4 177.3 82.2 17.0 
14 BSSS CO S5 12.9 25.8 51 0 4 177.9 80.2 16.1 
15 BSSS CO S6 12.4 27.0 47 0 3 178.1 84.1 15.2 
16 BSSS CO S7 11.3 29.6 40 0 4 164.9 75.0 15.7 
17 BSCBl CO SO 59.1 104.7 58 0 10 223.4 100.9 17.1 
18 BSCBl CO SI 36.6 71.9 52 0 8 202.6 88.7 16.6 
19 BSCBl CO S2 24.1 47.4 52 0 6 185.7 83.1 16.6 
20 BSCBl CO S3 21.4 49.1 45 0 7 177.1 82.1 15.5 
21 BSCBl CO S4 20.6 43.3 48 0 11 172.4 79.4 15.2 
22 BSCBl CO S5 19.6 40.8 49 0 12 166.4 74.1 15.8 
23 BSCBl CO S6 14.8 40.4 38 0 5 176.8 82.7 15.5 
24 BSCBl CO S7 15.1 35.3 44 1 8 164.2 71.7 13.9 
25 BS13(S)C3 SO 51.4 96.4 54 0 4 203.5 96.5 15.3 
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EL ED CD KD ERS TKW DÀ ELW 
20.3 4.4 2.7 17.0 42 70.0 94 9.5 
17.4 4.2 2.6 15.3 38 60.4 97 9.6 
16.9 4.0 2.8 11.8 39 57.7 96 9.0 
15.5 4.0 2.6 14.3 33 55.8 96 8.9 
14.5 3.7 2.6 11.5 36 54.5 98 9.0 
15.1 3.9 2.6 12.3 32 52.3 99 9.0 
15.6 3.8 2.6 11.5 29 53.0 100 8.8 
14.3 3.9 2.6 12.8 26 55.5 97 9.0 
16.5 4.4 2.8 16.5 42 57.0 97 10.3 
14.5 4.1 2.7 13.5 34 51.5 98 9.5 
14.1 4.1 2.7 13.8 30 48.5 100 9.3 
13.5 3.9 2.7 12.3 27 45.5 101 9.3 
12.9 3.9 2.7 12.5 26 49.0 101 9.4 
13.3 3.8 2.5 13.0 29 45.7 100 9.0 
13.3 3.8 2.6 12.3 30 50.3 100 8.8 
13.2 4.0 2.7 13.0 24 47.9 102 9.1 
18.4 4.5 2.7 17.3 42 56.8 88 9.2 
16.9 4.1 2.7 13.8 37 49.8 92 9.2 
15.1 4.0 2.7 13.8 34 46.4 97 8.8 
14.2 3.8 2.7 11.0 36 46.1 96 8.8 
14.3 3.8 2.5 12.5 34 46.2 97 9.1 
13.6 3.9 2.6 12.8 36 45.6 96 9.0 
17.2 3.7 2.5 12.3 24 46.3 98 8.4 
13.6 3.6 2.5 12.0 32 49.1 95 9.1 
16.8 4.3 2.8 15.0 43 58.1 96 10.2 
Table B6. (Continued) 
Entry YLDQH GRMSFLT STDHA RTLDG STLDG PH EH KRN 
26 BS13(S)C3 SI 26.1 49.8 54 0 3 196.4 94.3 14.6 
27 BS13(S)C3 S2 18.7 34.9 55 1 2 183.7 85.6 14.1 
28 BS13(S)C3 S3 17.5 34.7 52 0 3 179.7 85.7 14.2 
29 BS13(S)C3 S4 15.4 31.5 52 0 2 187.9 86.0 14.4 
30 BS13(S)C3 S5 15.9 33.1 49 0 3 173.9 78.0 14.1 
31 BS13(S)C3 S6 13.7 29.4 48 0 0 157.0 70.7 14.4 
32 BS13(S)C3 S7 17.4 33.1 53 1 3 175.3 79.5 14.0 
33 BSCB1(R)C9 SO 58.1 108.0 55 0 2 191.0 81.4 15.5 
34 BSCB1(R)C9 SI 38.2 69.9 56 0 2 178.1 74.7 14.9 
35 BSCB1(R)C9 S2 31.4 59.1 54 0 2 169.6 75.2 15.2 
36 BSCB1(R)C9 S3 27.0 57.1 49 0 1 168.8 74.3 14.3 
37 BSCB1(R)C9 S4 26.0 51.0 52 0 3 162.2 70.5 14.7 
38 BSCB1(R)C9 S5 25.3 48.6 53 0 0 160.9 66.9 14.6 
39 BSCB1(R)C9 S6 25.3 47.5 55 0 4 172.8 75.4 14.7 
40 BSCB1(R)C9 S7 21.9 49.7 45 0 4 165.2 69.9 14.5 
41 BSSS(R)C9 SO 59.2 110.1 55 0 4 218.4 95.0 17.6 
42 BSSS(R)C9 SI 40.3 76.9 54 0 1 200.8 83.4 17.8 
43 BSSS(R)C9 S2 36.3 70.5 53 0 3 197.9 80.0 16.7 
44 BSSS(R)C9 S3 28.7 61.6 48 0 3 193.1 79.8 17.1 
45 BSSS(R)C9 S4 26.7 54.1 50 1 1 190.5 81.2 16.7 
46 BSSS(R)C9 S5 29.0 55.5 53 0 2 191.3 79.8 16.6 
47 BSSS(R)C9 S6 24.2 47.1 52 0 3 186.2 80.0 17.6 
48 BSSS(R)C9 S7 21.7 47.2 46 0 0 185.0 72.0 15.7 
49 B14 10.5 23.8 47 0 1 184.7 82.0 13.6 
50 B73 34.8 68.7 52 0 1 195.8 94.2 16.6 
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EL ED CD KD ERS TKW DA ELW 
15.3 4.0 3.0 10.5 41 46.5 98 9.6 
14.3 3.9 . 2.7 11.5 35 39.5 98 9.7 
14.4 4.0 2.7 12.3 36 41.9 99 9.6 
14.3 3.8 2.7 11.0 34 48.0 98 9.5 
14.1 3.8 2.8 10.3 35 42.1 99 9.4 
13.6 3.8 2.8 10.5 28 46.9 102 9.5 
14.9 3.8 2.8 10.3 40 45.1 100 9.5 
16.2 4.2 2.6 15.3 45 58.0 94 10.2 
14.4 3.8 2.6 12.5 47 55.9 93 9.1 
13.8 3.8 2.7 11.5 44 53.5 93 9.4 
13.7 3.7 2.5 11.5 42 53.7 96 9.1 
12.9 3.7 2.5 12.0 45 52.5 96 8.8 
13.3 3.7 2.5 12.0 47 52.7 95 9.0 
13.5 3.8 2.6 11.5 45 52.7 97 8.9 
13.1 3.7 2.6 10.8 40 53.9 97 9.1 
15.5 4.4 2.7 17.5 44 60.8 97 8.9 
15.0 4.4 2.8 15.5 38 56.2 98 8.6 
15.2 4.3 2.7 15.8 43 56.3 97 8.6 
13.9 4.2 2.6 15.5 38 54.9 98 8.2 
13.8 4.1 2.7 14.0 38 57.3 99 8.3 
13.6 4.0 2.7 13.5 39 54.8 97 8.3 
13.1 4.1 2.7 14.5 35 55.5 99 8.2 
13.7 4.0 2.6 14.0 38 56.9 99 8.0 
13.4 3.7 2.5 11.8 29 68.2 100 9.7 
12.3 4.3 2.9 14.8 40 57.8 100 9.4 
Table B7. Means for Experiment 90042 at Atomic Energy In 1990 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH KRN 
1 Lancaster SO 56.1 101.7 56 19 2 197.8 81.0 13.6 
2 Lancaster SI 32.8 59.6 57 2 1 181.9 76.6 12.7 
3 Lancaster S2 26.9 53.6 51 6 5 167.2 65.9 13.2 
4 Lancaster S3 19.7 38.4 53 4 1 164.9 65.5 13.3 
5 Lancaster S4 21.7 40.5 55 2 3 154.5 61.5 12.5 
6 Lancaster S5 17.6 38.2 46 0 5 146.7 53.4 12.3 
7 Lancaster S6 16.2 38.2 44 0 0 142.5 54.1 13.0 
8 Lancaster S7 17.6 40.0 45 1 2 159.5 61.1 12.8 
9 BSSS CO SO 36.4 69.8 53 10 1 201.4 90.7 16.0 
10 BSSS CO SI 25.0 47.6 53 1 2 181.7 80.8 14.9 
11 BSSS CO S2 16.4 32.7 51 0 2 172.7 69.5 15.0 
12 BSSS CO S3 14.7 29.0 52 1 2 162.1 64.5 15.1 
13 BSSS CO S4 14.1 28.3 51 1 1 159.7 67.5 15.9 
14 BSSS CO S5 12.7 25.4 51 1 0 156.7 65.3 15.0 
15 BSSS CO S6 13.2 32.5 42 1 0 153.1 60.5 14.4 
16 BSSS CO S7 11.4 28.8 41 0 2 158.2 65.3 14.0 
17 BSCBl CO SO 47.7 86.4 56 12 4 192.8 79.9 16.5 
18 BSCBl CO SI 32.4 62.9 53 6 3 172.0 69.1 15.5 
19 BSCBl CO S2 25.2 48.7 53 1 6 162.3 62.0 15.4 
20 BSCBl CO S3 17.4 38.6 47 11 6 156.0 62.4 15.0 
21 BSCBl CO S4 14.0 32.6 44 1 6 150.9 59.3 14.8 
22 BSCBl CO S5 15.0 33.9 45 1 7 147.8 58.7 15.3 
23 BSCBl CO S6 19.9 40.1 51 3 12 160.3 66.5 14.8 
24 BSCBl CO S7 14.9 33.8 46 5 6 142.2 54.0 14.2 
25 BS13(S)C3 SO 42.6 78.5 56 0 5 192.0 88.0 13.8 
188 
EL ED CD KD ERS TKW DA ELW 
18.6 4.2 2.6 15.3 44 65.1 89 8.7 
17.1 3.8 2.5 13.3 38 59.9 90 8.2 
15.4 3.7 2.7 11.0 37 57.5 93 7.9 
15.0 3.7 2.5 11.8 34 51.9 96 7.9 
14.1 3.6 2.5 11.3 36 55.0 92 7.9 
14.3 3.5 2.5 9.5 32 53.7 96 7.6 
15.0 3.7 2.5 11.5 27 56.5 97 7.9 
14.1 3.5 2.5 10.8 29 51.4 . 96 7.6 
15.4 4.4 2.7 17.8 38 57.4 92 8.5 
13.2 4.0 2.6 14.0 35 55.9 95 8.5 
12.5 3.8 2.5 13.3 28 50.8 95 8.3 
12.5 3.8 2.6 11.8 27 48.4 98 8.2 
12.4 3.8 2.6 11.3 29 47.5 96 7.8 
12.1 3.7 2.5 12.3 29 48.5 97 8.0 
12.4 3.7 2.5 12.3 27 51.5 98 8.0 
11.9 3.7 2.6 10.5 23 48.5 97 8.3 
16.5 4.2 2.6 15.8 43 54.6 86 8.5 
15.2 3.9 2.6 13.3 35 46.6 88 7.7 
14.7 3.8 2.7 11.8 37 43.9 88 8.0 
13.7 3.7 2.6 11.5 31 41.8 94 8.4 
12.8 3.5 2.5 10.3 31 40.7 95 7.4 
12.5 3.6 2.6 9.8 31 39.2 93 7.6 
13.7 3.6 2.4 11.8 37 44.8 92 7.4 
12.4 3.5 2.4 11.0 27 46.9 96 7.6 
15.7 4.2 2.7 14.5 42 59.1 93 8.9 
Table B7. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH KRN 
26 BS13(S}C3 SI 15.6 30.4 53 5 1 161.4 66.6 13.4 
27 BS13(S)C3 S2 14.8 28.1 54 2 2 162.1 69.3 13.8 
28 BS13(S)C3 S3 10.8 20.0 53 2 3 146.0 58.7 13.5 
29 BS13(S)C3 S4 9.3 17.9 53 0 1 151.4 66.4 13.4 
30 BS13(S)C3 S5 7.8 17.5 48 2 2 153.3 61.0 13.6 
31 BS13(S)C3 S6 12.0 28.5 43 0 1 139.6 55.4 13.4 
32 BS13(S)C3 S7 13.3 27.3 50 0 1 147.1 61.3 14.1 
33 BSCB1(R)C9 SO 43.8 83.6 54 5 1 171.9 58.8 15.1 
34 BSCB1(R)C9 SI 27.0 54.9 50 2 1 150.0 51.3 14.4 
35 BSCB1(R)C9 S2 22.2 41.8 54 0 1 144.0 47.4 14.3 
36 BSCB1(R)C9 S3 16.5 32.4 52 1 0 138.3 47.8 13.6 
37 BSCB1(R)C9 S4 15.5 28.4 56 0 1 136.3 46.3 13.3 
38 BSCB1(R)C9 S5 16.7 31.4 54 4 1 136.2 47.1 14.3 
39 BSCB1(R)C9 S6 15.5 31.5 50 3 2 140.0 51.2 15.3 
40 BSCB1(R)C9 S7 12.8 27.4 48 0 0 133.8 45.9 13.9 
41 BSSS(R)C9 SO 52.0 94.1 57 1 1 214.0 86.1 16.1 
42 BSSS(R)C9 SI 36.1 69.4 53 2 0 188.9 73.7 17.1 
43 BSSS(R)C9 S2 30.2 59.6 52 5 0 175.6 63.0 16.3 
44 BSSS(R)C9 S3 22.8 44.5 53 0 0 173.9 65.0 16.3 
45 BSSS(R)C9 S4 23.0 46.2 51 1 0 174.1 64.1 15.9 
46 BSSS(R)C9 S5 19.8 38.9 52 1 1 167.7 58.7 16.0 
47 BSSS(R)C9 S6 23.9 57.9 48 0 1 173.5 64.2 16.0 
48 BSSS(R)C9 S7 22.3 43.6 52 3 0 173.0 64,5 15.6 
49 B14 8.1 21.0 39 0 0 152.2 53.1 13.2 
50 B73 26.3 50.4 53 4 2 172.8 74.5 16.9 
190 
EL ED CD KO ERS TKW DA ELW 
13.8 3.7 2.7 10.3 35 43.8 95 8.3 
14.8 3.9 2.7 12.0 29 49.0 95 8.6 
13.3 3.6 2.7 9.8 20 46.6 97 8.1 
12.8 3.5 2.7 8.3 23 42.3 97 8.3 
12.6 3.5 2.5 9.3 21 45.4 97 8.5 
13.4 3.7 2.6 11.3 23 52.0 99 8.7 
14.0 3,6 2.6 10.0 27 49.4 98 8.5 
14.3 3.8 2.5 13.8 46 54.5 86 8.3 
13.6 3.7 2.5 12.0 42 48.0 90 8.3 
14.2 3.7 2.5 12.3 40 48.0 91 8.1 
12.2 3.3 2.4 9.0 36 45.7 95 7.7 
11.8 3.4 2.4 10.8 34 45.8 92 7.6 
12.2 3.4 2.5 9.8 35 44.9 93 7.8 
12.1 3.5 2.6 9.5 31 48.5 96 8.0 
11.8 3.4 2.5 9.3 30 49.1 95 7.5 
15.2 4.3 2.6 16.8 44 58.2 91 7.9 
14.9 4.1 2.6 15.5 42 52.6 94 7.4 
13.5 4.0 2.6 13.0 43 52.3 94 7.5 
13.4 4.0 2.6 14.3 39 50.4 97 7.1 
12.7 3.9 2.6 12.8 34 53.9 96 7.4 
12.4 3.9 2.6 12.5 34 52.5 97 6.8 
13.2 3.9 2.5 13.8 42 53.9 98 7.1 
12.5 3.8 2.5 13.8 36 55.9 96 7.1 
14.3 3.6 2.6 10.0 20 67.6 99 8.2 
11.6 4.2 2.7 14.5 37 54.8 98 8.2 
Table B8. Means for Experiment 90043 at Ankeny In 1990 
Entry YLDQH GRMSFLT STDHÂ RTLDG STLDG PH EH 
1 Lancaster SO 66.2 147.5 47 0 55 228.4 109.9 
2 Lancaster SI 42.9 82.3 53 1 43 192.6 89.2 
3 Lancaster S2 29.1 53.6 55 0 23 196.9 92.2 
4 Lancaster S3 28.0 54.3 53 2 12 168.8 76.2 
5 Lancaster S4 25.0 45.6 56 0 13 160.0 64.2 
6 Lancaster S5 27.7 49.1 57 0 12 159.5 63.0 
7 Lancaster S6 22.6 52.5 45 0 9 168.5 74.8 
8 Lancaster S7 18.8 38.3 51 1 17 153.2 67.5 
9 BSSS CO SO 66.9 119.7 57 0 22 226.8 112.0 
10 BSSS CO SI 35.5 67.6 54 0 21 208.0 98.5 
11 BSSS CO S2 28.5 50.9 57 1 8 184.9 79.0 
12 BSSS CO S3 24.1 47.0 53 0 13 174.2 83.2 
13 BSSS CO S4 16.2 33.0 52 2 13 165.7 76.4 
14 BSSS CO S5 21.0 39.5 54 2 4 175.0 79.7 
15 BSSS CO S6 17.4 39.6 45 2 11 191.6 89.5 
16 BSSS CO S7 19.5 43.3 46 1 4 176.6 81.2 
17 BSCBl CO SO 69.7 120.5 59 0 64 206.2 97.2 
18 BSCBl CO SI 38.9 78.3 51 0 19 176.1 74.2 
19 BSCBl CO S2 24.8 49.2 51 0 25 167.7 69.2 
20 BSCBl CO S3 28.7 64.4 47 0 17 181.3 78.5 
21 BSCBl CO S4 26.2 58.0 47 0 29 148.7 64.5 
22 BSCBl CO S5 22.5 45.5 51 1 15 157.5 71.0 
23 BSCBl CO S6 18.8 40.5 47 0 16 161.1 70,2 
24 BSCBl CO S7 20.7 47.1 45 1 22 163.4 64.5 
25 BS13(S)C3 SO 50.6 90.2 57 0 28 189.7 91.2 
192 
KRN EL ED CD KD ERS TKW 
13.8 20.5 4.5 2.7 18.0 36 77.6 
13.3 16.1 4.0 2.7 12.5 37 65.4 
14.5 17.6 4.0 2.7 13.0 43 57.4 
13.1 15.2 3.8 2.7 12.0 38 58.5 
12.5 15.3 3.6 2.5 11.0 41 56.5 
13.8 14.7 3.6 2.5 11.0 42 57.5 
13.5 16.1 3.8 2.7 12.0 35 60.8 
12.5 16.1 3.7 2.5 11.5 34 62.7 
17.9 17.3 4.7 2.8 18.0 46 60.6 
17.0 15.1 4.3 2.8 15.0 38 50.3 
16.5 14.6 4.0 2.7 13.5 38 53.6 
16.5 13.9 4.0 2.7 13.5 38 51.3 
15.0 14.3 3.9 2.7 12.5 38 49.2 
16.1 14.1 4.0 2.7 13.0 38 47.6 
15.1 13.2 3.8 2.6 12.0 41 54.7 
15.9 13.5 3.8 2.5 12.5 33 53.5 
15.9 17.9 4.3 2.6 17.5 39 62.7 
13.6 15.5 4.0 2.7 12.5 44 53.2 
14.4 16.1 3.7 2.7 10.5 38 49.5 
16.7 14.8 3.7 2.5 12.0 38 50.5 
16.0 15.3 3.9 2.5 14.0 41 52.5 
15.4 12.8 3.8 2.7 11.5 41 46.4 
14.7 14.2 3.6 2.5 11.0 34 49.8 
15.0 13.2 3.7 2.5 12.0 34 50.3 
13.6 16.7 4.2 2.8 13.5 44 64.0 
I 
Table B8. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STIDG PH EH 
26 BS13(S)C3 SI 44.1 79.2 57 0 11 181.3 84.5 
27 BS13(S)C3 S2 30.0 53.9 57 1 11 176.5 80.5 
28 BS13(S)C3 S3 33.9 65.1 53 7 6 172.4 73.2 
29 BS13(S)C3 S4 33.4 71.6 47 0 4 206.0 97.0 
30 BS13(S)C3 S5 28.6 67.4 44 1 7 162.9 75.0 
31 BS13(S)C3 S6 37.2 85.1 45 1 7 163.3 74.2 
32 BS13(S)C3 S7 28.7 56.2 52 1 5 166.8 77.5 
33 BSCB1(R)C9 SO 57.8 149.4 42 0 10 190.6 85.2 
34 BSCB1(R)C9 SI 37.9 69.8 56 1 7 168.0 68.5 
35 BSCB1(R)C9 S2 21.9 41.9 53 0 12 164.9 73.5 
36 BSCB1(R)C9 S3 32.3 60.8 54 0 5 156.0 60.2 
37 BSCB1(R)C9 S4 24.7 49.2 51 2 2 154.0 63.2 
38 BSCB1(R)C9 S5 29.2 55.0 54 0 5 159.2 63.9 
39 BSCB1(R)C9 S6 23.5 48.7 49 1 2 162.9 73.5 
40 BSCB1(R)C9 S7 22.6 49.2 46 0 5 149.1 65.0 
41 BSSS(R)C9 SO 64.0 116.6 56 0 9 194.9 90.0 
42 BSSS(R)C9 SI 44.4 95.2 49 0 14 201.0 83.2 
43 BSSS(R)C9 S2 40.5 75.5 55 0 8 188.4 78.7 
44 BSSS(R)C9 S3 23.5 51.8 47 0 7 179.9 73.7 
45 BSSS(R)C9 S4 33.9 74.7 47 3 8 193.8 75.0 
46 BSSS(R)C9 S5 36.3 69.7 53 1 2 178.6 69.2 
47 BSSS(R)C9 S6 17.7 38.0 48 3 0 177.3 73.0 
48 BSSS(R)C9 S7 26.2 51.4 52 3 5 174.3 72.5 
49 B14 28.0 55.8 51 0 0 176.6 74.7 
50 B73 42.3 74.0 59 0 2 183.0 17.5 
194 
KRN EL ED CO KD ERS TKW 
14.1 17.5 4.3 3.0 14.0 45 61.0 
14.4 15.4 4.0 2.8 12.5 42 52.5 
14.3 15.9 4.1 2.9 12.0 44 56.7 
15.0 15.0 4.0 2.8 12.0 42 54.7 
14.5 15.0 4.0 2.6 13.5 38 54.2 
13.7 15.3 4.0 2.8 12.0 41 57.7 
14.9 15.6 3.8 2.7 11.5 44 51.2 
13.9 15.8 4.0 2.7 12.5 54 68.7 
15.1 13.9 3.7 2.5 11.5 51 56.0 
14.0 13.6 3.7 2.5 12.5 42 54.5 
15.3 13.3 3.7 2.5 12.5 50 57.5 
15.7 12.9 3.5 2.7 8.5 43 49.2 
14.0 12.9 3.6 2.5 11.5 45 53.5 
14.1 13.1 3.5 2.5 10.5 41 58.3 
13.9 12.7 3.5 2.5 10.0 41 58.3 
17.3 16.5 4.6 2.7 18.5 45 61.5 
17.4 15.4 4.2 2.8 14.5 36 61.2 
17.0 15.3 4.3 2.8 15.5 44 56.5 
16.9 13.6 4.1 2.7 14.5 37 57.2 
16.4 14.5 4.2 2.7 14.5 38 63.3 
16.1 14.1 4.0 2.7 13.5 45 60.0 
15.7 13.2 4.0 2.6 13.5 34 59.3 
15.0 13.6 3.9 2.5 15.0 42 57.5 
14.9 16.0 4.0 2.7 13.0 30 70.4 
17.5 12.9 4.4 2.8 16.0 41 58.5 
Table B9. Means for Experiment 90044 at Martlnsburg In 1990 
Entry YLDQH GRMSFLT STDHA RTLDG STLDG PH EH 
1 Lancaster SO 48.7 90.6 55 0 25 228.8 117.4 
2 Lancaster SI 29.1 52.3 57 1 21 200.0 93.3 
3 Lancaster S2 19.7 40.1 51 1 27 185.0 84.9 
4 Lancaster S3 14.6 30.6 48 1 19 188.0 83.8 
5 Lancaster S4 13.1 25.3 53 1 20 171.8 75.7 
6 Lancaster S5 14.8 27.9 54 0 15 179.9 82.6 
7 Lancaster S6 13.2 26.3 51 1 26 170.8 76.9 
8 Lancaster S7 18.1 40.8 45 2 26 168.2 78.8 
9 fiSSS CO SO 37.1 68.2 56 3 22 237.0 124.9 
10 BSSS CO SI 19.1 36.5 53 1 16 199.0 98.1 
11 BSSS CO S2 14.9 27.6 55 0 16 189.0 93.8 
12 BSSS CO S3 9.6 19.3 51 0 19 187.2 88.8 
13 BSSS CO S4 13.2 25.2 54 0 15 181.3 84.5 
14 BSSS CO S5 9.9 20.5 50 0 14 171.5 79.0 
15 BSSS CO S6 9.7 23.6 42 0 21 177.1 83.9 
16 BSSS CO S7 10.1 23.0 45 1 14 177.8 79.7 
17 BSCBl CO SO 43.0 77.2 57 3 29 222.8 103.7 
18 BSCBl CO SI 26.5 55.9 49 4 31 196.2 93.5 
19 BSCBl CO S2 16.8 36.0 50 2 30 169.6 79.8 
20 BSCBl CO S3 11.6 28.5 42 1 24 171.7 78.6 
21 BSCBl CO S4 10.9 22.0 51 1 19 162.3 72.8 
22 BSCBl CO S5 16.7 36.0 47 1 27 155.8 69.5 
23 BSCBl CO S6 9.8 27.3 37 2 33 166.1 76.0 
24 BSCBl CO S7 12.4 31.1 41 4 33 163.9 74.8 
25 BS13(S)C3 SO 46.9 89.8 53 0 15 202.6 97.4 
196 
KRN EL ED CD KD ERS TKM 
14.2 17.8 4.2 2.6 15.3 42 60.0 
13.2 17.1 3.8 2.7 12.0 37 53.6 
13.3 15.2 3.8 2.6 11.8 32 47.2 
13.3 14.9 3.7 2.6 11.5 33 48.8 
13.2 13.6 3.6 2.7 9.3 31 43.7 
13.4 14.0 3.6 2.6 10.0 32 47.4 
13.4 14.0 3.6 2.6 10.0 30 46.1 
13.1 15.5 3.8 2.7 11.8 32 55.4 
16.9 15.7 4.4 2.9 15.0 38 51.2 
15.7 13.8 4.0 2.7 13.3 31 43.5 
16.1 13.3 3.9 2.8 11.0 30 39.6 
15.4 11.9 3.7 2.6 10.8 26 39.7 
15.9 12.5 3.8 2.7 11.3 29 43.4 
16.0 12.7 3.7 2.6 11.8 25 40.4 
16.3 13.3 3.9 2.7 12.3 22 44.3 
16.3 12.6 3.7 2.7 10.0 27 39.9 
16.3 16.8 4.2 2.6 15.8 43 48.8 
16.3 15.8 3.9 2.7 12.0 35 44.5 
15.5 13.9 3.8 2.8 10.5 33 43.6 
16.1 13.9 3.7 2.6 10.8 24 40.5 
15.0 14.8 3.5 2.5 9.8 26 40.0 
15.2 13.6 3.7 2.6 10.8 32 42.3 
15.0 12.1 3.4 2.5 9.3 24 42.1 
15.2 13.4 3.5 2.5 9.8 30 41.6 
14.3 15.9 4.3 2.8 14.8 45 56.5 
Table B9. (Continued) 
Entry YLDQH GRMSFLT STDHA RTLDG STLDG FH EH 
26 BS13(S)C3 SI 31.2 59.7 53 0 21 186.7 93.5 
27 BS13(S)C3 S2 24.0 47.7 51 0 16 179.7 85.2 
28 BS13(S)C3 S3 22.7 46.8 50 0 20 177.3 82.6 
29 BS13(S)G3 S4 20.1 40.8 50 1 9 171.1 79.0 
30 BS13(S)C3 S5 22.5 48.7 47 0 7 167.3 73.5 
31 BS13(S)C3 S6 20.2 52.1 40 0 21 171.8 78.0 
32 BS13(S)C3 S7 19.9 45.3 45 2 14 167.9 79.1 
33 BSCB1(R)C9 SO 41.9 77.6 55 1 4 196.6 86.5 
34 BSCB1(R)C9 SI 27.2 53.6 51 0 10 175.8 74.2 
35 BSCB1(R)C9 S2 19.2 39.3 50 0 5 163.7 70.2 
36 BSCB1(R)C9 S3 17.1 44.7 40 1 6 164.2 69.4 
37 BSCB1(R)C9 S4 17.2 34.1 51 1 9 153.4 64.5 
38 BSCB1(R)C9 S5 16.1 32.0 51 1 8 166.2 71.4 
39 BSCB1(R)C9 S6 14.2 33.9 43 3 9 164.0 71.6 
40 BSCB1(R)C9 S7 13.4 31.1 45 0 7 152.9 67.0 
41 BSSS(R)C9 SO 44.1 84.3 54 1 10 224.9 100.9 
42 BSSS(R)C9 SI 35.5 66.2 55 0 14 208.6 92.2 
43 BSSS(R)C9 S2 24.5 45.4 55 1 11 201.5 85.8 
44 BSSS(R)C9 S3 26.5 50.6 53 0 13 196.1 84.8 
45 BSSS(R)C9 S4 22.2 42.9 53 0 12 195.1 83.8 
46 BSSS(R)C9 S5 21.0 41.7 52 1 8 194.9 81.5 
47 BSSS(R)C9 S6 22.2 46.0 49 1 18 197.0 88.0 
48 BSSS(R)C9 S7 23.7 48.2 50 1 13 196.6 83.7 
49 B14 10.4 24.7 43 0 1 187.4 76.9 
50 B73 36.8 68.2 55 0 12 199.1 101.9 
198 
KRN EL ED CD KD ERS TKW 
13.7 14.7 4.1 2.8 13.0 46 51.4 
13.9 15.2 4.0 2,8 12.0 38 49.8 
13.9 15.1 4.0 2.8 12.5 37 45.2 
14.0 14.3 3.9 2.8 10.5 35 45.1 
13.6 14.2 3.8 2.7 11.0 36 48.2 
13.8 15.0 4.0 2.8 12.0 35 50.6 
13.9 14.4 3.9 2.7 11.8 36 49.5 
14.5 14.8 3.8 2.5 13.5 48 52.8 
14.0 13.6 3.7 2.5 12.0 40 52.4 
13.8 13.1 3.6 2.6 10.3 37 47.9 
14.0 13.0 3.6 2.5 10.8 33 49.3 
14.0 12.8 • 3.5 2.5 10.0 40 45.5 
14.4 12.5 3.5 2.5 10.5 38 50.4 
14.4 13.1 3.6 2.5 11.3 29 47.4 
14.5 12.6 3.4 2.5 8.5 32 43.2 
17.1 14.7 4.3 2.7 16.0 44 55.7 
17.3 14.1 4.2 2.8 13.8 39 52.8 
16.5 13.5 3.9 2.6 13.0 37 48.0 
16.5 13.7 4.1 2.8 13.3 39 51.4 
16.3 13.3 4.0 2.7 13.0 40 48.5 
16.5 12.8 3.9 2.8 11.5 42 51.0 
16.8 13.3 4.0 2.6 13.5 40 52.9 
16.5 13.6 4.0 2.8 12.0 41 50.9 
14.1 14.5 3.7 2.6 11.5 25 70.7 
16.1 12.6 4.3 2.9 14.3 40 53.5 
Table BIO. Means for Experiment 90045 at Crawfordsvllle in 1990 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH 
1 Lancaster SO 70.5 134.2 54 0 9 221.9 102.4 
2 Lancaster SI 34.9 83.4 43 0 13 185.6 77.5 
3 Lancaster S2 28.4 59.5 48 0 12 169.2 69.5 
4 Lancaster S3 25.7 50.3 52 0 8 166.8 70.3 
5 Lancaster S4 25.9 52.3 51 0 13 169.0 78.0 
6 Lancaster S5 22.3 47.2 49 0 7 161.2 66.5 
7 Lancaster S6 16.6 47.0 36 0 15 160.1 68.1 
8 Lancaster S7 18.2 50.6 36 0 11 163.2 68.6 
9 BSSS CO SO 46.4 96.8 50 0 13 215.1 98.6 
10 BSSS CO SI 27.5 67.8 42 0 7 183.4 79.0 
11 BSSS CO S2 17.6 37.6 48 1 4 176.4 76.2 
12 BSSS CO S3 12.0 32.2 38 0 8 163.4 71.2 
13 BSSS CO S4 14.0 33.4 44 0 5 155.5 63.1 
14 BSSS CO S5 14.1 35.7 43 0 5 159.4 65.8 
15 BSSS CO S6 13.2 36.2 37 0 8 159.1 66.5 
16 BSSS CO S7 9.5 28.4 34 0 4 155.6 65.0 
17 BSCBl CO SO 59.5 106.8 57 0 13 195.4 83.7 
18 BSCBl CO SI 33.7 93.3 37 0 14 179.8 76.8 
19 BSCBl CO S2 22.1 48.3 46 0 17 167.5 70.7 
20 BSCBl CO S3 22.2 54.0 42 0 18 170.0 68.5 
21 BSCBl CO S4 16.8 47.6 36 1 20 157.5 64.8 
22 BSCBl CO S5 17.2 43.4 40 0 23 156.8 66.9 
23 BSCBl CO S6 18.7 55.7 33 0 27 156.5 70.1 
24 BSCBl CO S7 18.4 45.5 41 0 19 161.4 71.2 
25 BS13(S)C3 SO 48.6 146.5 41 0 8 185.7 76,5 
200 
KRN EL ED CD KD ERS TKW 
14.5 20.4 4.5 2.7 17.5 43 71.2 
13.4 17.7 4.1 2.6 15.3 33 63.5 
14.0 17.2 3.9 2.6 15.4 37 61.8 
13.1 16.0 3.8 2.6 12.0 38 54.6 
13.4 16.4 3.9 2.7 11.5 40 57.0 
13.6 15.5 3.7 2.6 11.3 34 56.3 
13.3 16.2 3.5 2.4 10.8 27 57.9 
13.2 15.2 3.7 2.6 11.5 26 57.5 
16.0 16.8 4.5 2.8 17.0 38 62.5 
15.8 14.1 4.1 2.7 13.8 33 53.7 
15.6 13.6 3.9 2.6 13.0 29 46.0 
15.5 13.4 4.0 2.6 14.3 23 47.5 
15.1 12.5 3.8 2.5 13.0 23 51.0 
15.3 13.6 4.0 2.6 13.8 26 51.1 
15.9 13.4 3.8 2.6 12.3 25 50.9 
14.5 12.4 3.7 2.7 10.8 23 49.6 
17.1 18.1 4.4 2.7 17.5 45 59.6 
16.7 18.1 4.2 2.6 19.3 32 54.0 
15.3 15.0 3.9 2.6 13.0 35 47.5 
15.2 14.1 3.7 2.5 12.0 33 50.2 
15.2 14.2 3.8 2.6 12.3 30 45.6 
14.8 13.9 3.6 2.5 12.0 32 44.7 
15.2 15.8 3.8 2.5 12.5 29 49.5 
15.3 14.0 3.7 2.5 12.0 35 47.2 
14.4 16.3 4.3 2.7 16.0 41 60.0 
Table BIO. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH 
26 BS13(S)C3 SI 29.0 69.1 42 0 3 170.0 68.5 
27 BS13(S)C3 S2 25.3 57.5 45 0 5 169.9 70.6 
28 BS13(S)C3 S3 21.9 49.0 45 0 1 153.2 64.3 
29 BS13(S)C3 S4 22.8 49.9 47 0 7 159.3 68.0 
30 BS13(S)C3 S5 18.6 44.1 43 0 6 160.3 67.1 
31 BS13(S)C3 S6 12.5 36.8 39 0 5 139.1 55.9 
32 BS13(S)C3 S7 19.7 46.7 43 0 5 157.6 69.8 
33 BSCB1(R)C9 SO 47.1 89.5 54 0 5 183.0 70.4 
34 BSCB1(R)C9 SI 32.5 71.9 46 0 4 167.3 70.1 
35 BSCB1(R)C9 S2 23.0 48.4 49 0 4 152.7 60.2 
36 BSCB1(R)C9 S3 19.5 47.6 42 1 4 147.7 57.5 
37 BSCB1(R)C9 S4 21.2 49.0 45 0 2 148.5 56.6 
38 BSCB1(R)C9 S5 17.2 39.3 47 0 5 157.9 63.2 
39 BSCB1(R)C9 S6 18.3 42.2 45 0 2 163.7 64.7 
40 BSCB1(R)C9 S7 20.0 51.7 40 0 2 147.8 61.0 
41 BSSS(R)C9 SO 59.7 115.8 53 0 4 201.3 79.2 
42 BSSS(R)C9 SI 32.2 72.9 46 0 1 186.5 69.2 
43 BSSS(R)C9 S2 31.6 70.6 45 0 4 174.5 65.6 
44 BSSS(R)C9 S3 22.1 64.2 36 0 4 172.7 63.7 
45 BSSS(R)C9 S4 20.1 61.2 35 0 4 169.9 64.1 
46 BSSS(R)C9 S5 24.2 61.5 41 0 1 184.0 70.3 
47 fiSSS(R)C9 S6 26.6 57.2 47 0 7 178.2 67.4 
48 BSSS(R)C9 S7 18.0 48.3 40 1 2 168.9 64.4 
49 B14 10.7 29.3 38 0 1 158.6 61.1 
50 B73 29.7 67.2 46 0 3 163.4 70.2 
202 
KRN EL ED CD KD ERS TKW 
13.8 16.0 4.1 2.8 13.7 35 51.6 
13.9 15.8 4.0 2.7 13.0 37 50.4 
13.6 15.1 3.9 2.8 11.3 36 49.3 
14.1 15.0 3.9 2.8 11.0 39 51.5 
14.0 15.0 4.0 2.7 12.3 39 47.0 
13.5 14.3 3.9 2.7 12.8 25 53.5 
13.4 15.2 3.9 2.7 11.3 34 55.4 
15.5 15.2 4.0 2.6 13.5 47 59.0 
14.4 14.2 3.8 2.5 13.5 45 57.4 
14.6 13.6 3.8 2.5 13.8 33 56.0 
14.0 13.1 3.6 2.5 11.8 36 53.8 
17.5 15.2 4.0 2.5 11.0 41 53.3 
23.4 15.1 2.8 2.9 18.8 39 53.8 
15.3 12.5 3.6 2.5 11.3 38 49.7 
14.6 14.1 3.7 2.6 12.0 36 57.3 
17.0 16.8 4.5 2.8 17.8 46 58.8 
15.7 13.5 4.2 2.6 16.8 36 58.0 
16.1 15.0 4.2 2.6 15.8 38 55.4 
16.9 14.4 4.2 2.5 16.8 31 53.4 
16.1 13.4 4.1 2.7 13.8 28 51.7 
15.7 14.4 4.0 2.6 13.5 36 58.6 
15.3 13.7 4.0 2.7 13.8 37 57.9 
17.0 14.1 4.0 2.7 13.5 28 51.6 
13.6 14.0 3.8 2.6 12.0 26 67.5 
16.3 13.0 4.3 3.0 13.3 39 51.2 
Table Bll. Combined data means for 1990 experiments 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH KRN 
1 Lancaster SO 60.9 116.1 54 4 17 219.7 102.3 14.2 
2 Lancaster SI 35.0 69.6 52 1 15 192.8 85.3 13.3 
3 Lancaster S2 27.0 54.4 51 2 13 180.6 77.8 13.7 
4 Lancaster S3 21.6 43.9 50 1 9 174.7 75.5 13.4 
5 Lancaster S4 21.0 40.4 53 1 10 165.6 71.5 13.0 
6 Lancaster S5 19.4 39.0 51 0 8 163.1 68.5 13.5 
7 Lancaster S6 16.6 40.9 42 0 12 162.6 69.1 13.2 
8 Lancaster S7 17.6 42.0 43 1 12 163.8 70.0 13.2 
9 BSSS CO SO 45.4 85.7 55 3 11 218.6 105.3 16.8 
10 BSSS CO SI 26.1 52.6 52 0 9 194.1 90.6 15.9 
11 BSSS CO S2 17.9 34.9 52 0 7 183.1 82.6 15.9 
12 BSSS CO S3 14.1 30.7 47 0 9 171.2 76.7 15.7 
13 BSSS CO S4 14.2 29.9 49 1 7 168.1 74.6 15.8 
14 BSSS CO S5 13.4 28.2 50 0 6 167.3 73.4 15.6 
15 BSSS CO S6 12.7 30.9 43 0 8 169.6 75.5 15.4 
16 BSSS CO S7 11.6 29.2 41 0 6 165.5 72.3 15.2 
17 BSCBl CO SO 54.3 96.7 57 3 20 208.3 92.6 16.6 
18 BSCBl CO SI 33.0 71.8 48 2 15 186.3 81.2 16.0 
19 BSCBl CO S2 22.4 45.6 50 1 16 170.9 73.4 15.5 
20 BSCBl CO S3 19.3 45.0 44 2 14 170.1 73.5 15.6 
21 BSCBl CO S4 16.7 38.8 45 0 16 159.4 68.6 15.2 
22 BSCBl CO S5 17.7 39.3 46 1 17 156.8 67.7 15.3 
23 BSCBl CO S6 16.1 40.8 41 1 19 164.5 73.4 15.0 
24 BSCBl CO S7 15.8 37.6 43 2 17 158.5 67.6 14.7 
25 BS13(S)C3 SO 47.7 101.4 52 0 10 195.2 89.8 14.3 
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EL ED CO KD ERS TKW DA ELW 
19.4 4.3 2.7 16.4 42 67.8 91 9.1 
17.2 4.0 2.6 13.8 37 60.0 93 8.9 
16.3 3.9 2.7 12.5 37 56.2 94 8.5 
15.3 3.8 2.6 12.3 34 53.4 96 8.4 
14.7 3.7 2.6 10.9 36 53.0 95 8.4 
14.7 3.7 2.6 10.8 34 53.0 97 8.3 
15.3 3.7 2.6 11.1 29 54.2 98 8.4 
14.9 3.7 2.6 11.7 29 55.8 97 8.3 
16.2 4.5 2.8 16.7 39 57.4 95 9.4 
14.0 4.1 2.7 13.8 34 51.1 96 9.0 
13.5 3.9 2.7 12.8 30 47.0 98 8.8 
13.0 3.9 2.7 12.4 27 46.0 99 8.7 
12.8 3.8 2.6 12.1 28 47.9 99 8.6 
13.0 3.8 2.6 12.7 28 46.6 99 8.5 
13.1 3.8 2.6 12.2 28 49.9 99 8.4 
12.6 3.8 2.7 11.2 25 47.3 100 8.7 
17.5 4.3 2.6 16.7 43 55.8 87 8.8 
16.4 4.0 2.6 14.3 36 49.2 90 8.5 
14.8 3.9 2.7 12.1 35 45.8 92 8.4 
14.1 3.8 2.6 11.4 32 45.3 95 8.6 
14.2 3.7 2.5 11.5 31 44.2 96 8.2 
13.3 3.7 2.6 11.3 34 43.3 94 8.3 
14.6 3.6 2.5 11.4 29 46.2 95 7.9 
13.3 3.6 2.5 11.3 31 46.7 95 8.3 
16.2 4.3 2.8 14.9 43 59.0 94 9,6 
Table Bll. (Continued) 
Entry YLDQH GRMSPLT STDHA RTLDG STLDG PH EH KRN 
26 BS13(S)C3 SI 27.5 55.3 51 1 8 178.9 81.2 13.9 
27 BS13(S)C3 S2 21.7 43.3 52 1 7 174.1 78.0 13.9 
28 BS13(S)C3 S3 19.8 40.7 50 1 7 165.0 72.9 13.8 
29 BS13(S)C3 S4 18.7 39.1 50 0 5 171.7 77.3 14.1 
30 BS13(S)C3 S5 17.6 39.4 47 1 5 163.6 70.5 13.9 
31 BS13(S)C3 S6 17.1 42.1 43 0 7 153.1 66.0 13.7 
32 BS13(S)C3 S7 18.8 40.1 48 1 6 162.5 73.0 13.9 
33 BSCB1(R)C9 SO 48.8 96.3 53 1 4 186.2 75.5 15.0 
34 BSCB1(R)C9 SI 31.9 63.4 51 1 5 167.8 67.7 14.5 
35 BSCB1(R)C9 S2 23.7 46.6 52 0 4 158.3 64.4 14.4 
36 BSCB1(R)C9 S3 21.4 47.2 47 0 3 154.9 62.0 14.1 
37 BSCB1(R)C9 S4 20.5 41.6 51 0 • 3 150.5 91.0 15.0 
38 BSCB1(R)C9 S5 20.0 39.7 52 1 3 148.2 92.9 16.4 
39 BSCB1(R)C9 S6 18.9 39.9 48 1 4 160.4 66.6 14.8 
40 BSCB1(R)C9 S7 17.6 41.0 45 0 4 149.8 61.4 14.3 
41 BSSS(R)C9 SO 54.9 102.8 55 0 5 212.4 90.2 17.0 
42 BSSS(R)C9 SI 37.0 74.0 52 0 5 196.7 80.1 17.0 
43 BSSS(R)G9 S2 31.7 63.1 52 1 5 187.5 74.2 16.4 
44 BSSS(R)C9 S3 24.9 54.9 47 0 5 183.5 73.4 16.7 
45 BSSS(R)C9 S4 24.2 53,8 47 1 5 183.7 73.5 16.2 
46 BSSS(R)C9 S5 24.9 51.6 50 0 3 183.8 72.2 16.2 
47 BSSS(R)C9 S6 23.5 50.5 49 0 7 183.0 74.7 16.3 
48 BSSS(R)C9 S7 22.0 47.4 48 1 4 180.1 71.3 16.1 
49 B14 11.9 28.2 43 0 1 171.4 69.0 13.8 
50 B73 33.1 64.8 53 1 4 182.8 85.2 16.6 
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EL ED CD KD ERS TKW DÂ ELW 
15.2 4.0 2.8 12.1 40 49.7 97 9.0 
15.1 4.0 2.7 12.2 35 47.8 97 9.1 
14.6 3.9 2.8 11.5 34 47.0 98 8.9 
14.2 3.8 2.7 10.4 34 47.6 98 8.9 
14.1 3.8 2.7 11.0 33 46.6 98 8.9 
14.2 3.9 2.8 11.7 29 51.5 100 9.1 
14.7 3.8 2.7 10.9 35 50.0 99 9.0 
15.2 3.9 2.6 13.8 47 57.5 90 9.2 
13.9 3.7 2.5 12,4 44 53,7 92 8.7 
13.7 3.7 2.5 12.0 39 51.7 92 8.8 
13.0 3.6 2.5 10.9 38 51.4 95 8.4 
13.1 3.6 2.5 10.7 40 49.3 94 8,2 
13.2 3.4 2.6 12.6 40 50.8 94 8,4 
12.8 3.6 2.5 10.8 36 50.5 96 8,5 
12.9 3.6 2.5 10.1 35 51.7 96 8.3 
15.6 4.4 2.7 17.2 45 58.7 94 8.4 
14.5 4.2 2.7 15.3 38 55.6 96 8.0 
14.4 4.1 2.7 14,5 41 53.4 96 8.1 
13.8 4.1 2.6 14.9 37 53.0 97 7.6 
13.4 4.0 2.7 13.5 35 54.0 97 7.9 
13.4 4.0 2.7 12.8 39 54.9 97 7.6 
13.3 4.0 2.6 13.8 38 55.5 98 7.7 
13.5 4.0 2.6 13.5 36 54.2 97 7.6 
14.3 3.7 2.6 11.5 25 68.7 100 8.9 
12.4 4.3 2.9 14.4 39 54.8 99 8.8 
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APPENDIX C: LINEAR REGRESSION COEFFICIENTS FOR 1989 AND 1990 ANALYSIS. 
ERROR MEAN SQUARES FOR EACH TRAIT AT EACH LOCATION AND THE 
POOLED ERROR MEAN SQUARES USED IN THE COMBINED UNWEIGHTED 
MEAN ANALYSIS 
Table Cl. Estimates of linear regression coefficients from 1989 
analysis by population 
Traits 
Population YLD GRMSPLT STOHA RTLDG STLDG PH EH 
Mg ha^ cm*------
BS26 -3.41 -54.76 -8.29 -4.4 -8.3 -51,73 -36,12 
BSSSCO -2.72 -41.29 -12.36 -2.99 -2.1 -46.59 -38.57 
BSCBICO -2.40 -29.92 -14.29 -5.70 -4.4 -41.60 -30.31 
BS13(S)C3 -3.08 -47.84 -9.08 -3.34 0.44 -32.10 -21.65 
BSCB1(R)C9 -2.90 -48.46 -5.06 -1.39 0.34 -28.08 -18.20 
BSSS(R)C9 -2.79 -47.12 -5.32 -3.67 -0.21 -29.23 -22.39 
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Traits 
KRN EL ED CD KD ERS TKW DA ELW 
mm 
-1.01 -4.0 -0.49 -0.18 -3.07 -8.72 -8.07 0.93 -0.87 
-2.31 -2.72 -0.78 -0.23 -5.36 -8.99 -4.95 0.08 -1.08 
-1.89 -3.53 -0.37 -0.12 -2.92 -5.79 0.28 5.31 -1.0 
-0.23 -2.52 -0.45 -0.09 -3.29 -8.79 -8.5 3.84 -0.27 
-1.12 -2.60 -0.43 -0.03 -2.38 - 6.08 -7.64 4.03 -1.01 
-1.31 -2.02 -0.35 -0.07 -3.22 -3.94 0.94 4.06 -0,83 
Table C2. Estimates of linear regression coefficients from 1990 
analysis by population 
Traits 
Population YLD GRMSPLT STDHA RTLDG STLDG PH EH 
Mg ha^ ------cm-------
BS26 -4.25 -74.94 -7.50 -3.23 -7.32 -57.36 -33.06 
BSSSCO -3.30 -57.13 -10.30 -2.47 -4.16 -53.20 -32.76 
BSCBICO -3.84 -60.59 -13.25 -1.88 -2.20 -49.80 -23.77 
BS13(S)C3 -2.92 -59.32 -5.40 0.39 -4.25 -34.17 ' -19.19 
BSCB1(R)C9 -3.01 -55.93 -4.69 -0.65 -0.93 -34.62 -16.60 
BSSS(R)C9 -3.19 -53.20 -7.05 -0.51 -0.24 -30.89 -17.61 
211 
Traits 
KRN EL ED CD KD ERS TKW DA ELW 
mm 
-0.87 -4.65 -0.61 -0.08 -4.95 -10.47 -13.81 6.26 -0.83 
-1.28 -3.30 -0.70 -0.16 -5.11 -12.68 -10.00 4.77 -0.87 
-1.61 -4.01 -0.67 -0.08 -6.00 -11.90 -10.35 8.60 -0.59 
-0.38 -1.90 -0.46 -0.07 -3.69 -11.24 -9.64 4.75 -0.57 
0.122 -2.25 -0.35 . -0.06 -2.76 -10.33 -6.97 5.47 -0.85 
-0.88 -2.24 0.40 -0.07 -3.10 -7.42 -3.76 3.27 -0.74 
Table 03. Error mean squares for each location and the pooled error 
mean squares used in the combined unweighted means analysis 
No. of 
reps 
Experiment 
no. YLDQH® GRMSPLT STDHA RTLDG STLDG PH 
4 89041 15.31 116.82 18.75 29.94 16.74 89.27 
4 89042 27.57 130.10 22.06 16.46 17.72 76.89 
4 89043 28.79 118.25 7.86 21.97 36.29 83.48 
4 89044 18.92 181.65 48.50 0.44 45.98 60.57 
4 90041 13.32 61.73 26.03 0.23 11.68 108.20 
4 90042 17.44 95.29 24.45 31.75 5.90 75.91 
2 90043 53.58 233.28 28.33 2.85 54.62 158.76 
4 90044 15.61 62.12 23.84 2.82 54.92 76.88 
4 90045 32.00 318.35 53.23 0,15 42.15 159,81 
Pooled error MSE 6.77 38.03 6.90 6,31 8.42 27.58 
"YLD, GRMSPLT, STKHA, RTLDG, STLDG, PH, and EH were measured in nine 
environments, KRN, EL, ED, CD, and KO were measured in eight 
environments, and DA and ELW were measured in four environments. 
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EH KRN EL ED CD KD ERS TKW DA ELW 
51.86 0.57 0.77 0.02 0.01 2.14 26.05 53.79 3.49 0.20 
70.15 0.62 0.44 0.01 0.01 2.23 21.49 35.60 2.39 0.19 
27.06 0.56 1.00 0.04 0.02 2.79 30.87 44.23 
40.78 
54.52 0.64 1.37 0.02 0.01 2.52 30.49 16.72 4.30 0.27 
35.17 0.66 0.93 0.02 0.01 2.45 26.27 16.39 3.82 0.16 
44.81 0.66 1.39 0.02 0.02 3.43 34.34 15.75 
49.55 0.53 0.73 0.02 0.02 2.38 24.24 14.43 
63.02 0.72 2.01 0.10 0.04 7.68 29.89 26.33 
11.81 0.18 0.31 0.01 0.01 0.91 8.06 7.47 0.88 0.05 
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APPENDIX D: PHENOTYPIC CORRELATIONS FOR 16 TRAITS WITH THE F-VALUE FOR 
EACH POPULATION COMBINED OVER NINE ENVIRONMENTS 
Table Dl. Pearson correlation coefficients for Inbreeding experiments 
by population BS26 combined Over nine environments 
F-Value YLDQH GRMSPLT STDHA RTLDG STLDG 
F.-Value 1.00000 -0.99671 -0.99120 -0.66405 -0.86694 -0.95098 
YLDQH -0.99671 1.00000 0.99213 0.67685 0.88980 0.93668 
GRMSFLT -0.99120 0.99213 1.00000 0.58115 0.87764 0.96124 
STDHÂ -0.66405 0.67685 0.58115 1.00000 0.62376 0.47912 
RTLDG -0.86694 0.88980 0.87764 0.62376 1.00000 0.76473 
STLDG -0.95098 0.93668 0.96124 0.47912 0.76473 1.00000 
PH -0.99476 0.99026 0.97854 0.70400 0.87446 0.94195 
EH -0.99572 0.99612 0.98552 0.69300 0.88908 0.93321 
KRN -0.84444 0.86437 0.86445 0.56156 0.78888 0.80976 
EL -0.98502 0.97366 0.97973 0.59853 0.80500 0.98219 
ED -0.99242 0.98615 0.98072 0.66669 0.85313 0.95472 
CD -0.67099 0.68451 0.69121 0.42967 0.51848 0.68426 
KD -0.98095 0.96916 0.96114 0.68209 0.81873 0.95602 
ERS -0.86313 0.87019 0.80989 0.91380 0.70333 0.74292 
TKW -0.92606 0.92507 0.94713 0.47900 0.90057 0.93917 
DA 0.97141 -0.97799 -0.95285 -0.78215 -0.87121 -0.90492 
ELW -0.97563 0.97144 0.96181 0.65917 0.77455 0.91207 
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FH EH KRN EL ED CD 
-0.99476 -0.99572 -0.84444 -0.98502 -0.99242 -0.67099 
0.99026 0.99612 0.86437 0.97366 0.98615 0.68541 
0.97854 0.98522 0.86445 0.97973 0.98072 0.69121 
0.70400 0.69300 0.56156 0.59853 0.66669 0.42967 
0.87446 0.88908 0.78888 0.80500 0.85313 0.51848 
0.94195 0.93321 0.80976 0.98219 0.95472 0.68426 
1.00000 0.99660 0.84659 0.98306 0.99682 0.68104 
0.99660 1.00000 0.85853 0.97699 0.99395 0,69547 
0.84659 0.85853 1.00000 0.85059 0.86157 0.89732 
0.98306 0.97699 0.85059 1.00000 0.99172 0.72377 
0.99682 0.99395 0.86157 0.99172 1.00000 0.72169 
0.68104 0.69547 0.89732 0.72377 0.72169 1.00000 
0.99137 0.98108 0.83610 0.99033 0.99492 0,71019 
0.87820 0.87649 0.74003 0.82862 0.86284 0.65144 
0.92543 0.92076 0.85232 0.93005 0.92653 0.62933 
-0.97899 -0.97945 -0.85223 -0.94961 -0.97014 -0.70014 
0.96380 0.97030 0.84480 0.96424 0.96923 0.72934 
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Table Dl. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.98095 -0.86313 .-0.92606 0.97141 -0.97563 
YLDQH 0.96916 0.87019 0.92507 -0.97799 0.97144 
GRMSFLT 0.96114 0.80989 0.94713 -0.95285 0.96181 
STDHÂ 0.68209 0.91380 0.47900 -0.78215 0.65917 
RTLDG 0.81873 0.70333 0.90057 -0.87121 0.77455 
STLDG 0.95602 0.74292 0.93917 -0.90492 0.91207 
PH 0.99137 0.87820 0.92543 -0.97899 0.96380 
EH 0.98108 0.87649 0.92076 -0.97945 0.97030 
KRN 0.83610 0.74003 0.85232 -0.85223 0.84480 
EL 0.99033 0.82862 0.93005 -0.94961 0.96424 
ED 0.99492 0.86284 0.92653 -0.97014 0.96923 
CD 0.71019 0.65144 0.62933 -0.70014 0.72934 
KD 1.00000 0.86926 0.91266 -0.96521 0.95504 
ERS 0.86926 1.00000 0.66767 -0.93366 0.88182 
TKW 0.91266 0.66767 1.00000 -0.88376 0.84247 
DA -0.96521 -0.93366 -0.88376 1.00000 -0.94029 
ELW 0.95504 0.88182 0.84247 -0.94029 1.00000 
Table D2. Pearson correlation coefficients for Inbreeding experiments 
by population BSSSCO combined over nine environments 
F-Value YLDQH GRMSPLT STDHA RTLDG STLDG 
F-Value 1.00000 -0.99584 -0.99049 -0.82514 -0.79863 -0.90017 
YLDQH -0.99584 1.00000 0.99628 0.81394 0.83596 0.89486 
GRMSPLT -0.99049 0.99628 1.00000 0.76479 0.85742 0.90005 
STDHA -0.82514 0.81394 0.76479 1.00000 0.45827 0.68510 
RTLDG -0.79863 0.83596 0.85742 0.45827 1.00000 0.77674 
STLDG -0.90017 0.89486 0.90005 0.68510 0.77674 1.00000 
PH -0.99366 0.98322 0.97226 0.85156 0.74224 0.89806 
EH -0.99360 0.98670 0.97674 0.84371 0.77084 0.91962 
KRN -0.94181 0.92710 0.90937 0.90248 0.62894 0.86181 
EL -0.98327 0.99229 0.98840 0.80906 0.81721 0.86767 
ED -0.98575 0.97950 0.96371 0.88424 0.71987 0.86521 
CD -0.77185 0.75052 0.78405 0.42836 0.52981 0.65158 
KD -0.98109 0.97590 0.95822 0.88470 0.73577 0.87745 
ERS -0.97899 0.98218 0.96696 0.87546 0.75962 0.85275 
TKW -0.90375 0.92817 0.92747 0.69439 0.87943 0.78658 
DA 0.94201 -0.93300 -0.90692 -0.87926 -0.69107 -0.75057 
ELW -0.94622 0.93549 0.94909 0.69197 0.73795 0.82083 
219 
PH EH KRN EL ED CD 
-0.99366 -0.99360 -0.94181 -0.98327 -0.98575 -0.77185 
0.98332 0.98670 0.92710 0.99229 0.97950 0.75052 
0.97226 0.97674 0.90937 0.98840 0.96371 0.78405 
0.85156 0.84371 0.90248 0.80906 0.88424 0.42836 
0.74224 0.77084 0.62894 0.81721 0.71987 0.52981 
0.89806 0.91962 0.86181 0.86767 0.86521 0.65158 
1.00000 0.99768 0.94455 0.97391 0.99412 0.76062 
0.99768 1.00000 0.93857 0.97592 0.99045 0.73785 
0.94455 0.93857 1.00000 0.90825 0.94196 0.69643 
0.97391 0.97592 0.90825 1.00000 0.97898 0.75548 
0.99412 0.99045 0.94196 0.97898 1.00000 0.73598 
0.76062 0.73785 0.69643 0.75548 0.73598 1.00000 
0.99078 0.99142 0.92612 0.97145 0.99587 0.69437 
0.98174 0.98213 0.91736 0.98739 0.99392 0.70225 
0.88748 0.90070 0.73837 0.94102 0.89887 0.62546 
-0.95165 -0.94262 -0.87018 -0.92391 -0.96210 -0.64598 
0.92386 0.91333 0.89902 0.91737 0.90582 0.90476 
220 
Table D2. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.98109 -0.97899 -0.90375 0.94201 -0.94622 
YLDQH 0.97590 0.98218 0.92871 -0.93300 0.93549 
GRHSFLT 0.95822 0.96696 0.92747 -0.90692 0.94909 
STDHA 0.88470 0.87546 0.69439 -0.87926 0.69197 
RTLDG 0.73577 0.75962 0.87943 -0.69107 0.73795 
STLDG 0.87745 0.85275 0.78658 -0.75057 0.82083 
PH 0.99078 0.98174 0.88748 -0.95165 0.92386 
EH 0.99142 0.98213 0.90070 -0.94262 0.91333 
KRN 0.92612 0.91736 0.73837 -0.87018 0,89902 
EL 0.97145 0.98739 0.94102 -0.92391 0.91737 
ED 0.99587 0.99392 0.89887 -0.96210 0.90582 
CD 0.69437 0.70225 0.62546 -0.64598 0.90476 
KD 1.00000 0.99329 0.91314 -0.96609 0.88173 
ERS 0.99329 1.00000 0.93477 -0.95961 0.88617 
TKW 0.91314 0.93477 1.00000 -0.88935 0.79729 
DA -0.96609 -0.95961 -0.88935 1.00000 -0.84474 
ELW 0.88173 0.88617 0.79729 -0.84474 1.00000 
Table D3. Pearson correlation coefficients for Inbreeding experiments 
by population BSCB1(R)C0 combined over nine environments 
F-Value YLDQH GRMSPLT STDHA RTLDG STLDG 
F-Value 1.00000 -0.99670 -0.99121 -0.94133 -0.74961 -0.96759 
YLDQH -0.99670 1.00000 0.99369 0.92951 0.73178 0.98383 
GRMSPLT -0.99121 0.99369 1.00000 0.89443 0.77771 0.98223 
STDHA -0.94133 0.92951 0.89443 1.00000 0.58588 0.86416 
RTLD6 -0.74961 0.73178 0.77771 0.58588 1.00000 0.71609 
STLD6 -0.96759 0.98383 0.98223 0.86416 0.71609 1.00000 
PH -0.99081 0.97967 0.98037 0.92714 0.81362 0.94101 
EH -0.98937 0.97922 0.97869 0.92304 0.79863 0.94354 
KRN -0.97144 0.95499 0.94288 0.96030 0.77075 0.89661 
EL -0.96609 0.95132 0.95639 0.91521 0.74309 0.90313 
ED -0.96261 0.94353 0.93136 0.95275 0.72648 0.87646 
CD -0.73121 0.69177 0.65384 0.88724 0.42591 0.56045 
KD -0.97434 0.97293 0.97121 0.92684 0.66651 0.94812 
ERS -0.90461 0.90901 0.88119 0.92430 0.48525 0.86963 
TKW -0.90779 0.93120 0.92995 0.77709 0.70671 0.97468 
DA 0.94802 -0.92729 -0.91830 -0.94287 -0.65431 -0.85280 
ELW -0.88856 0.86961 0.86967 0.83148 0.77145 0.81379 
CD 
.73121 
.69177 
.65384 
.88724 
.42591 
.56045 
.73901 
,72303 
,82137 
76195 
84208 
00000 
72407 
78487 
41072 
85349 
71671 
222 
EH KRN EL ED 
-0.98937 -0.97144 -0.96609 -0.96261 
0.97922 0.95499 0.95132 0.94353 
0.97869 0.94288 0.95639 0.93136 
0.92304 0.96030 0.91521 0.95275 
0.79863 0.77075 0.74309 0.72648 
0.94354 0.89661 0.90313 0.87646 
0.99799 0.98454 0.97512 0.96231 
1.00000 0.98193 0.97906 0.95017 
0.98193 1.00000 0.96628 0.96157 
0.97906 0.96628 1.00000 0.92446 
0.95017 0.96157 0.92446 1.00000 
0.72303 0.82137 0.76195 0.84208 
0.95717 0.93070 0.96605 0.92442 
0.83924 0.85060 0.82607 0.91676 
0.89377 0.82577 0.82695 0.78855 
-0.94869 -0.96024 -0.97309 -0.94868 
0.87131 0.86540 0.80766 0.95466 
223 
Table D3. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.97434 .-0.90461 -0.90779 0.94802 -0.88856 
YLDQH 0.97293 0.90901 0.93120 -0.92729 0.86961 
GRMSFLT 0.97121 0.88119 0.92995 -0.91830 0.86967 
STOHA 0.92684 0.92430 0.77709 -0.94287 0.83148 
RTLDG 0.66651 0.48525 0.70671 -0.65431 0.77145 
STLDG 0.94812 0.86963 0.97468 -0.85280 0.81379 
PH 0.95645 0.85243 0.88497 -0.94808 0.89332 
EH 0.95717 0.83924 0.89377 -0.94869 0.87131 
KRN 0.93070 0.85060 0.82577 -0.96024 0.86540 
EL 0.96605 0.82607 0.82695 -0.97309 0.80766 
ED 0.92442 0.91676 0.78855 -0.94868 0.95466 
CD 0.72407 0.78487 0.41072 -0.85349 0.71671 
KD 1.00000 0.89947 0.88296 -0.93296 0.81905 
ERS 0.89947 1.00000 0.76244 -0.87646 0.84923 
TKW 0.88296 0.76244 1.00000 -0.74371 0.74309 
DA -0.93296 -0.87646 -0.74371 1.00000 -0.83280 
ELW 0.81905 0.84923 0.74309 -0.83280 1.00000 
Table D4. Pearson correlation coefficients for Inbreeding experiments 
by population BS13(S)C3 combined over nine environments 
F-Value YLDQH GRMSPLT STDHA RTLDG STLDG 
F-Value 1.00000 -0.99019 -0.95367 -0.57136 -0.61907 -0.78299 
YLDQH -0.99019 1.00000 0.97086 0.55714 0.60191 0.77368 
GRMSPLT -0.95367 0.97086 1.00000 0.34414 0.49009 0.70964 
STDHA -0.57136 0.55714 0.34414 1.00000 0.59226 0.54396 
RTLDG -0.61907 0.60191 0.49009 0.59226 1.00000 0.72363 
STLDG -0.78299 0.77368 0.70964 0.54396 0.72363 1.00000 
PH -0.96992 0.96077 0.87291 0.73976 0.67331 0.74286 
EH -0.95212 0.93635 0.83770 0.76931 0.69235 0.74623 
KRN -0.80635 0.83416 0.88429 0.18029 0.66150 0.76980 
EL -0.97145 0.96489 0.90760 0.63804 0.58038 0.82170 
ED -0.98809 0.96975 0.92497 0.58743 0.61158 0.84515 
CD 
KD -0.95933 0.93491 0.94526 0.37952 0.51816 0.79317 
ERS -0.90621 0.90148 0.78314 0.80002 0.77067 0.79115 
TKW -0.77002 0.81425 0.91920 0.03315 0.25136 0.49727 
DA 0.91247 -0.89907 -0.78563 -0.82003 -0.54544 -0.69282 
ELW -0.77748 0.79012 0.87855 0.06900 0.13768 0.32616 
225 
FH EH KRN EL ED CD 
-0.96992 -0.95212 -0.80635 -0.97145 -0.98809 
0.96077 0.93635 0.83416 0.96489 0.96975 
0.87291 0.83770 0.88429 0.90760 0.92497 
0.73976 0.76931 0.18029 0.63804 0.58743 
0.67331 0.69235 0.66150 0.58038 0.61158 
0.74286 0.74623 0.76980 0.82170 0.84515 
1.00000 0.99211 0.70147 0.95141 0.95201 
0.99211 1.00000 0.68200 0.93770 0.93642 
0.70147 0.68200 1.00000 0.75408 0.78072 
0.95141 0.93770 0.75408 1.00000 0.97740 
0.95201 0.93642 0.78072 0.97740 1.00000 
0.87020 0.85191 0.82260 0.92030 0.96829 
0.95715 0.94827 0.67930 0.93069 0.90010 
0.64488 0.61029 0.85284 0.70048 0.71692 
-0.96889 -0.96891 -0.54074 -0.92100 -0.91084 
0.67093 0.61668 0.66537 0.71717 0.71671 
226 
Table D4. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.95933 -0.90621 -0.77002 0.91247 -0 .77748 
YLDQH 0.93491 0.90148 0.81425 -0.89907 0 .79012 
GRMSFLT 0.94526 0.78314 0.91920 -0.78563 0 .87855 
STDHÂ 0.37952 0.80002 0.03315 -0.82003 0 .06900 
RTLDG 0.51816 0.77067 0.25136 -0.54544 0 .13768 
STLDG 0.79317 0.79115 0.49727 -0.69282 0 .32616 
PH 0.87020 0.95715 0.64488 -0.96889 0 .67093 
EH 0.85191 0.94827 0.61029 -0.96891 0, .61668 
KRN 0.82260 0.67930 0.85284 -0.54074 0, 66537 
EL 0.92030 0.93069 0.70048 -0.92100 0. 71717 
ED 0.96829 0.90010 0.71692 -0.91084 0. 71671 
CD 
KD 1.00000 0.77770 0.80237 -0.80563 0. 79049 
ERS 0.77770 1.00000 0.50734 -0.91355 0. 53594 
TKW 0.80237 0.50734 1.00000 -0.54323 0. 88250 
DA -0.80563 -0.91355 -0.54323 1.00000 -0. 59004 
ELW 0.79049 0.53594 0.88250 -0.59004 1. 00000 
Table D5. Pearson correlation coefficients for Inbreeding experiments 
by population BSCB1(R)C9 combined over nine environments 
F-Value YLDQH GRMSPLT STDHA RTLDG STLDG 
F-Value 1.00000 -0.99612 -0.99569 -0.67833 -0.16398 -0.44949 
YLDQH -0.99612 1.00000 0.99539 0.71078 0.15618 0.46569 
GRMSFLT -0.99569 0.99539 1.00000 0.64081 0.17502 0.43581 
STDHA -0.67833 0.71078 0.64081 1.00000 -0.02654 0.44721 
RTLDG -0.16398 0.15618 0.17502 -0.02654 1.00000 -0.11868 
STLDG -0.44949 0.46569 0.43581 0.44721 -0.11868 1.00000 
PH -0.94865 0.94209 0.94475 0.59378 0.26517 0.59436 
EH -0.35607 0.43575 0.39361 0.58385 -0.09872 0.45292 
KSN -0.30305 0.37861 0.34949 0.47240 -0.09587 0.18641 
EL -0.98884 0.98563 0.98561 0.67770 0.07117 0.37277 
ED -0.94101 0.93153 0.92838 0.63509 0.01021 0.60246 
CD -0.27781 0.26736 0.27534 0.12910 -0.20556 0.00000 
KD -0.87955 0.90748 0.87979 0.83021 0.25369 0.33753 
ERS -0.89010 0.91961 0.89105 0.83855 0.04307 0.44356 
TKW -0.96854 0.94654 0.94531 0.65000 0.13269 0.44721 
DA 0.90261 -0.90704 -0.87346 -0.87142 0.06852 -0.43301 
ELW -0.97973 0.96532 0.96968 0.63251 0.12085 0.33944 
228 
FH EH KRN EL ED CD 
-0.94865 -0.35607 -0.30305 -0.98884 -0.94101 -0.27781 
0.94209 0.43575 0.37861 0.98563 0.93153 0.26736 
0.94475 0.39361 0.34949 0.98561 0.92838 0.27534 
0.59378 0.58385 0.47240 0.67770 0.63509 0.12910 
0.26517 -0.09872 -0.09587 0.07117 0.01021 -0.20556 
0.59436 0.45292 0.18641 0.37277 0.60246 0.00000 
1.00000 0.32407 0.27298 0.90733 0.90326 0.35927 
0.32407 1.00000 0.90899 0.35308 0.30144 0.00104 
0.27298 0.90899 1.00000 0.33133 0.15509 0.32287 
0.90733 0.35308 0.33133 1.00000 0.93040 0.32750 
0.90326 0.30144 0.15509 0.93040 1.00000 0.14907 
0.35927 0.00104 0.32287 0.32750 0.14907 1.00000 
0.82876 0.60073 0.60821 0.87708 0.74561 0.32478 
0.80367 0.66221 0.61387 0.88554 0.77393 0.25609 
0.92044 0.15696 0.08337 0.95312 0.94301 0.25820 
-0.78100 -0.39589 -0.28700 -0.91701 -0.89443 -0.16667 
0.91690 0.22533 0.22264 0.98842 0.92512 0.37018 
229 
Table D5. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.87955 -0.89010 -0.96854 0.90261 -0.97973 
YLDQH 0.90748 0.91961 0.94654 -0.90704 0.96532 
GRMSPLT 0.87979 0.89105 0.94531 -0.87346 0.96968 
STDHA 0.83021 0.83855 0.65000 -0.87142 0.63251 
RTLDG 0.25369 0.04307 0.13269 0.06852 0.12085 
STLDG 0.33753 0.44356 0.44721 -0.43301 0.33944 
FH 0.82876 0.80367 0.92044 -0.78100 0.91690 
EH 0.60073 0.66221 0.15696 -0.39589 0.22533 
KRN 0.60821 0.61387 0.08337 -0.28700 0.22264 
EL 0.87708 0.88554 0.95312 -0.91701 0.98842 
ED 0.74561 0.77393 0.94301 -0.89443 0.92512 
CD 0.32478 0.25609 0.25820 -0.16667 0.37018 
KO 1.00000 0.93004 0.77989 -0.84444 0.84443 
ERS 0.93004 1.00000 0.80249 -0.88468 0.82278 
TKW 0.77989 0.80249 1.00000 -0.90370 0.96985 
DA -0.84444 -0.88468 -0.90370 1.00000 -0.89278 
ELW 0.84443 0.82278 0.96985 -0.89278 1.00000 
Table D6. Pearson correlation coefficients for Inbreeding experiments 
by population BSSS(R)C9 combined over nine environments 
F-Value YLDQH GRMSFLT STDHA RTLDG STLDG 
F-Value 1.00000 -0.99728 -0.99562 -0.78158 -0.42486 -0.50150 
YLDQH -0.99728 1.00000 0.99382 0.81471 0.43564 0.47689 
GRMSFLT -0.99562 0.99382 1.00000 0.75276 0.39039 0.49843 
STDHA -0.78158 0.81471 0.75276 1.00000 0.43452 0.28459 
RTLDG -0.42486 0.43564 0.39039 0.43452 1.00000 -0.15114 
STLDG -0.50150 0.47689 0.49843 0.28459 -0.15114 1.00000 
PH -0.98882 0.99047 0.99289 0.76787 0.36036 0.52113 
EH -0.98358 0.98698 0.98253 0.80096 0.32994 0.55411 
KRN -0.91679 0.91071 0.93298 0.67646 0.06599 0.53713 
EL -0.98400 0.98838 0.97963 0.84517 0.41561 0.50863 
ED -0.92769 0.93478 0.95174 0.72792 0.22153 0.51574 
CD 
KD -0.95908 0.95392 0.95981 0.75493 0.25286 0.62728 
ERS -0.85185 0.87727 0.82250 0.94977 0.65325 0.22978 
TKW -0.56903 0.59136 0.56767 0.47086 0.35304 0.13625 
DA 0.92314 -0.94049 -0.92145 -0.83170 -0.64715 -0.28545 
ELW -0.91627 0.91861 0.91707 0.73215 0.59349 0,46529 
PH 
.98882 
.99047 
.99289 
.76787 
.36036 
,52113 
,00000 
99508 
92631 
97658 
94122 
94361 
82219 
62925 
91732 
88450 
231 
EH KRN EL ED CD 
-0.98358 -0.91679 -0.98400 -0.92769 
0.98698 0.91071 0.98838 0.93478 
0.98253 0.93298 0.97963 0.95174 
0.80096 0.67646 0.84517 0.72792 
0.32994 0.06599 0.41561 0.22153 
0.55411 0.53713 0.50863 0.51574 
0.99508 0.92631 0.97658 0.94122 
1.00000 0.92181 0.97477 0.93144 
0.92181 1.00000 0.91744 0.95015 
0.97477 0.91744 1.00000 0.93780 
0.93144 0.95015 0.93780 1.00000 
0.94915 0.94385 0.95412 0.95512 
0.83636 0.65967 0.87745 0.74382 
0.63992 0.38486 0.50070 0.44854 
-0.90015 -0.76662 -0.93906 -0.86138 
0.86716 0.77828 0.71717 0.71671 
232 
Table D6. (Continued) 
KD ERS TKW DA ELW 
F-Value -0.95908 -0.85185 -0.56903 0.92314 -0.91627 
YLDQH 0.95382 0.87727 0.59136 -0.94049 0.91861 
GRMSFLT 0.95981 0.82250 0.56767 -0.92145 0.91707 
STDHA 0.75493 0.94977 0.47086 -0.83170 0.73215 
RTLDG 0.25286 0.65325 0.35304 -0.64715 0.59349 
STLDG 0.62728 0.22978 0.13625 -0.28545 0.46529 
FH 0.94361 0.82219 0.62925 -0.91732 0.88450 
EH 0.94915 0.83636 0.63992 -0.90015 0.86716 
KRN 0.94385 0.65967 0.38486 -0.76662 0.77828 
EL 0.95412 0.87745 0.50070 -0.93906 0.91848 
ED 0.95512 0.74382 0.44854 -0.86138 0.89098 
CD 
KD 1.00000 0.77799 0.41657 -0.82957 0.90364 
ERS 0.77799 1.00000 0.57400 -0.92424 0.84257 
TKW 0.41657 0.57400 1.00000 -0.59225 0.41092 
DA -0.82957 -0.92424 -0.59225 1.00000 -0.92645 
ELW 0.79049 0.53594 0.88250 -0.59004 1.00000 
